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SUMMARY

Spin tests of a-%g-scale model of the Change,Vbught XF5U-1 eirplane

have been performed in the Langley 20-foot free—spinning tunnel. The
effect of control position and movement upon the erect and inverted spin
and recovery characteristlics as well as the effects of propellers, of
stebility flaps, and of variocus revisions to the design configuration
have been determined for the normal fighter loading. The Investigation
also included Spin—recovery—parachute, tumbling, and pilot-~escape tests.

For the original design configuration, with or without windmilling
rropellers, the recovery characteristics of the model were considered
unsatisfactory. Increasing the maximum upward deflection of the ailavators
from 45° to 65° resulted in greatly improved recovery characteristics.

Dimensional revisions to the original airplane configuration, which
satisfactorily improved the general spin and recovery cheracteristics of ,
the model, consisted of: (1) a supplementary vertical tail 3% inches by
59 inches (full-scale)} atthched to a boom 80 inches aft of the trailling
edge of the airplane in the plane of symmetry, (2) a large semispan under—
surface spoller placed along the alrplane guarter—chord line and opened
on the outboard side in a spin, or (3) two additional vertical tails
64 inches by 52 inches (full—scale) located at the tips of the ailavetors,

A setisfactory parachute arrangement for emergency spin recovery
from demonstretion spine was found to be an arrasngement consisting of a
13.3~foot parachute attached by & 30~foot towline to the arresting gear
mast on the airplene snd opened simmltaneously with en 8—foot parachute
on the outboard end of the wing attached by a 3—foot towline. Tests
Indicated that pilot escape from a espin would be extremely hazerdous
unless the pilot is mechanically ejected from the cockpit.

Model tumbling tests indicated that the airplane would not tumble.

Resmm‘t‘fdn Cancelled U NCLASS[FIED
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INTRODUCTION

Spin tests heve been performed on & fé—scale model .of the Chance

Vought XF5U-1 airplene in the Langley 20-foot free—spinning tummel as
requested by the Buresu of Aeromsutics, Navy Department. This airplane
which is a single—place twin—tail flying-wing fighter hes an almost
circular plan form and is equipped with large twin propellers, one
mounted at each wing tip., Longitudine]l end laterasl control ere comblned
in all-movable horizontel tails known as "ailavators.”

A l—]'s—-scale medel of the prototype of the subhJect airplasne designated

the Vought—Sikorsky V=173 had previously been tested in the Iangley 15—foot
free—-spinning turmel (reference 1). The XF5U~1 alrplane is different

from the V=173 airplane previocusly tested In weight and In design of the
horizontal tails,

The current program included tests simulating only the normal fighter
loading of the XF5U~1 airplene, It was felt that the effect of variations
in wing loading and moments of lnertia on the spin and recovery char—
acteristics of this design.could be determined from the test results pre—
gsented in reference 1l for the prototype airplane,

Erect and inverted spins were performed to determine the effect of
maximm snd intermediate control settings on the_spin and recovery char—
acteristics of the model, landing gear retracted, Additionnl tests were
made to eveluate the effect on spin and recovery characteristics of
various dimensional revisions to the model conflguration, as well as the
effect of the propellers and the stabililty flaps, end alsc to determine
the parachute requirements for emergency recovery from demonstration spins,
Tumbling &nd pilot—escape tests completed the program.

SYMBOIS
b wing span, feet
S wing ares, square feet
T mean serodynamic chord, inches
c root chord (chord of airfoil section at plane of
' symmetry), inches *
x/fe - ratio of distance of center of gravity rearward of

leading edge of mean serodynamic chord to mean
aerodynamic chord



s

L]

NACA RM No. L7I23

z/c

Iy Tys Iy

ratio of distance between center of gravity sand
thrust line to mean aerodynamic chord (positive
when center of gravity is below thrust line)}

mass of airplane, slugs

moments of inertis sbout X-, ¥—, and Z~body exes,
respectively, slug-feet :

inertla yawing-moment parameter

inertia rolling-moment parameter

inertia pitching-moment parameter

.a.ir density, slugs per cubic foot

. relative density of airplane (m/pSb)

vertical angle mede by towline of wing-tip parachute
(angle is measured positive above thrust line),
degrees

vertical angle made by towline of parachute attached at
arresting gear mast (angle is measured positive above
thrust line), degrees '

angle mede in chordal plane by towline of wing-tip
parachute (in right spin,angle is measured positive
to right of plane parallel to plane of symmetry),
degrees .

‘angle made in chordel plane by towline of parachute

attached to arresting gear mast (in right spin,angle
is measured positive to right of plane of symmstry),
degrees '
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o angle between thrust line and verticel (approximately
equal to sbsolute angle of attack at plane of

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

1] full—-gcele anguler veloclty ebout spin axis, revolutions

per second
c helix angle, angle between flight path and vertical

<

(for this model, the average absolute value of
the helix angle was approximately 1°), degrees

B approximate angle of sideslip at center of gravity,
(sideslip is inward when inner wing is down by an
emount grester then the helix angle)}, degrees

APPARATUS AND METHODS

Model

The %—scale model of the Chance Vought XF5U-1 airplane was furnished

by the Buresu of Aeronsutics, Navy Department. It was checked for dimen—
sional accuracy end vrepared for testing et the langley Iaboratory. The
model comrlete with propellers is represented in the three—view drawing .
of figure 1 and photographs of the model as tested, with and without pro—
pellers, are shown in figure 2. The respective dimensionsl) charscter—
istlcs of the XF5U-1 and the V=173 airplanes sre listed in table I and

graphically compared In figure 3,

The propellers were interconnected and rotated in opposite directions,
rotation being upward in the center. Each propeller had four blades, and
each set of two opposite blades was constructed to allow & longitudinal
flapping motion of #10° as a unit. The model propellers were allowed to
windmill during the propeller—on tests, During the propeller—off tests,
the propeller assemblies were replaced with a dummy hub without blades,

The model and propeller assembllies were ballasted by means of lead
welghts to obtaln dynemic similerity to the full-scele sirplsne at an
altitude of 15,000 feet (p = 0.001496 sIug/cu ft). Interchangeebility
between the propeller sssemblies and the get of dumy hubs was sfforded
by ballasting the dummy hubs to slmulate the welght distribution of the
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hubs containing the propellers, A-%g—-scale dumny pllot wae also

ballested to represent & 6~foot men snd a parachute (200 1b) at
15,000 feet for pilot—escape tests.,

Msechanicel movement of the controls, opening of the parachutes, and
the simulation of pilot escape were accamplished by means of a remote—
control mechanism installed in the model.

The leading.edge of each fin was offset 2° outboard 'of the model
center line to conform to the full-scale vertical~tail configuration,

Wind Tunnel and Testing Technique

The tests. were performed in the TLangley 20-foot free—spinning tunnel
which is similer in operation to the ILangley 15~foot free—spinning tunnel
described in reference 2, except that the model—launching technique has
been changed. With the controls set in the desired positions, the medel
is hand—launched with rotation into the vertically rising air stream,
After a numter of turns in the established spin, recovery is attempted by
moving one or more controls by means of the remote—control mechanism,
Upon recovering from a spln, the model dives Into the safety net from
whence it is retrieved, The spin data obtained from these tesis are then
converted to corresponding full-scele values by the methode described Iin
reference 2. Figure 4(a) is & photograph of the model, without prorellers,
freely spinning in the Iangley 20-foct free—spinning tunnel.

It became apparent after a few initisl attempts to spin the model
freely with the propellers installed that little progress could be made
because of the frequency with which the model prorellers became damaged
when the model landed in the safety net, To expedite the testing with
propeller installed, an apparetus was devised to support the model in the
tunnel, This apparatus consisted of a nylon line attached at one emd to
the top net in the tunnel from whence it passed through a fixed steel
ring 10 inches in diemeter, The other end was attached to a universal
Joint (fig. 5) located on the upper surface of the model above the center
of gravity to allow the model freedcm of motlon about three axes. The
steel ring restricted lateral motion of the mcdel, preventing comtect
with the tummel wall.

When the suspension spparatus was being used, the technique differed

from that described previously for the free—spimning tests only in that
it eliminated the hand launching. The model, suspended in the middle of
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the timnel on the end of the nylon line, was gently pushed by means of =
long pole to initiate its rotatlon. The tummel airspeed was then
increased until the spinning motion was established. Figure 4(b) shows
the model, propellers installed, spinning on this apparatus,

In accordance with standard spin—tunnel methods, tests were performed
to determine the svin and recovery characteristics of the model for the
normal—control configuration for spinning (stick longitudinally back and
laterally neutral, rudder full with the spin) and for various other
neutral, intermediate, and maximum longitudinel and lateral stick
positions, Recovery from these splins was generally attempted by rapid
reversal of the rudders from full with to full ageinst the spin., Tests
were &also performed to obiain the spin and recovery characteristics of
the model for what is referred to as the "criterion spin" to evaluate -
the possible adverse effects of small control deviations fram the normal-—
control configuration for spimmling, For these tests, the ailavators were
soet at a position similating that existing when the stilck is two—thirds
full back in conjunction with the lateral positions of both one—third
with and one—~third against the spin (stick right in right spin and stick
left in right spin). For this model, lateral stick settings of both with
and against were used because 1t was not readlly apparent which direction
would be edverse, Recovery from this, the crilterion espin, wes attempted
by rapidly reversing the rudders from full with to only two—thirds agalnst
the spin.

The turns for recovery were measured from the time the conirols were
moved or the parachute opened to the time the spin rotation ceased. The
recovery characteristice of a model are considered satisfactory if
recovery from the criterion spin requires no more than 2& turne.,

For recovery attempts in which the model struck the safety net
before recovery could be effected, because of the wandering or oscillatory
nature of the spln or beceuse of an unusuelly high rate of descent, the
number of turns from the time the controls were moved to the time the
model struck the safety net were recorded. This number indicates that
the model required more turns to recover from the spin than shown as for
exsmple, >3. A >3-turn recovery, however, does not nscesserily indicate
an improvement over a >T-turn recovery. The symbol « is used on the
charts to indicate that recovery required more than 10 turns. For a
condition in which the model recovered without movemsnt of the controls
after having been lsunched in a splnning attitude with the conirols set
for a spin, the result is recorded on the charts as "no spin.,"

The testing technlque for determining the optimum size of and towline
length for spin-recovery parachutes is described in reference 3.
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For the present tests, the model was launched into the tumnel with the
rudders set full with the spin., In general, the stesdy—spin control
settings were maintained, recovery being attempted by the action of one
tall parachute or a combination of tall~ and wing-tip parachutes, but
for several tests, the ailavators were moved and & teil parachute opened
similtaneously. The several parachute—attachment locatlions tested on
the model included one suggested by the contractor. The two most prac—
tical and therefore most thoroughly investigated consisted of: (1) a
taill perachute attached to the srresting gear mast (that suggested by
contractor, fig. 6); and (2) 2 combination including (1) and a parachute
attached to the outboard end of the wlng at the gquaerter—chord line., The
perachutes were installed, while packed, on the upper surfeace of the
model near their attachment locations and in such a manner as not to
affect the steady apin until opened. It is recommended, however, that
for full-scale parachute Installations the perachutes be packed within
the airplane structure with provision for positive eJection., The pera—
chutes used for the model tests were of the flet circular type. The
drag coefficient based on the laid—out flat area was approximately 0.7.

To determine the susceptibility of the model to tumbling, two
methods of lsunching the model were employed. It was elther released
from a nogse—up position to simulate a2 whip stall or was given an initiel
pitching rotation sbout a lateral axis. The resulting motion was
recorded by mesns of a camera. If a modes. can not be mede to tumble by
elther of the two lsunching methods described sbove, it is considered
incapadble of tumbling.

For the pllot~escare tests, the dummy pilot was released from the
inboard side (right side in a right svin) and the outtoard side of the
model at the cockpit when the model was in typlcal flat and typical steep
srins,

PRECISICN

¥

The model test results are believed to be accurate wlithin the follow—
ing limits:

s degl'ee * & o & ¢ & ¢ e e e & & s ® ¢ 8 & & & e €« e & & s s & e @
¢, GOEIEE o o o a ¢ o o o s o 5 o s o s e 4 s e e e s e e s, B
’ percent L L e L R I T I i5
Q s 'percent ¢ e e 4 s 2 e & a4 s s e s o s s = “ o 8 e o % o @ ==

Turns for recovery:

| £1/4 turn when obtained from £ilm
A t1/2 turn when obtained visually
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The preceding limits may have been exceeded for certaln spins in
which it was difficult to control the model in the tunnel because of the
high rate of descent or because of the wandering or oacillatory nature of
the spin. -

Comparison between gpin resulis of airplanes and their repregentative
scale models (references 2 and %) indicates that spin—tunnel results are
not always in complete agreement with the results of full-scale spinning,
In general, the models spin af scmewhat smaller angles of attack with
higher rates of descent and 5 +to 10° more outward sideslip than their
full—-scale counterparts. The comparison mede in reference : showed that
80 vercent of the model recovery tests predicted satisfactorily the number
of turns required for recovery from the corresponding alrplenes while.

10 vercent underestimeted and 10 percent overestlimated the number of turns
required.

The results of tests made on the suspension apparatus are of question—
gble exactness and are not published In detall in this paper. These

results are considered of only qualitative value and are so discussed
herein.

Because of the impracticabllity of exact ballasting of the model and
because of Inedvertent damege to the model during the tests, the measured
welight and mass distribution of the model varles from the true scaled—~
down values by the following eamountse

Weight, percent ® ¢ & & & 6 & & ¢ ® & % ® 8 & ¢ ® & 3 o o & @ 0 to 3 hish
Center—of—gravity locatlon, percent T « « « o« » o ¢ o o o« 0 50 1 rearward
IX, Percent ® ¢ o o 8 & @ 5 4 s & s 6 ¢ 8 u w8 08 0 a0 e2%0O3 high

:5., percent L] - .. . * . L . L] - . L] * L] . - L] [ 4 L 4 L L - . 1{' lcw to ’+— high-

Ipercen'b.....-.-.....-.........-...‘.31’11811

Z’

The accuracy of measuring the weight and mass distribution 1s
believed to be within the following limits:

Wei 8ht’ Percent L ] * * L] L] - L * - [ ] . L ] L] o - L L ] [ ] L] L ] - L ] L ) L] L] -« L il
Center—of—gravity location, DErcent © « « o« o « o« o o« o o « o o o o o F1

Moments of inertie, POrcent o v o « o & o « ¢« ¢ s o ¢ o 6 v o 0« o o o 5

The controls were set with an accuracy of =1 ,
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TEST CONDITIONS I

As mentioned earlier, spin tests of the -]%—écale model of the

XF50-1 airplane were limited to those for a simlstion of the normsl
fTighter loading. The mass characteristics and inertla parameters for the
normel. loaeding, and for other possible loadings of the airplane, and for
the normel loading as simmlated on the model {comverted to full-scale
values) are given in table II. The inertia psrameters far the possible
loadings of the XF5U-1 alrplans end for the loadings tested on the
I¥50-1 airplane and V=173 models are plotted in figure 7.

The normal meximm control deflections for the model were cobtained
from information furnished by Chance Vought, As previously indicated,
the rolling and pitching contrfols are combined in one surface called &n
allevatar. The normal angular deflections are given in figure 8 which
indicated that for pure longitudinal stick trevel from full back to full
forward the corresponding maximum ailavator deflections are 45 up end
15° down. Displacing the stick laterally affects the ailavator setting
differentially, thereby creating effectively an aileron setting. Maximum
lateral displacement of the stick causes, In this manner, a surface
incidence differential of *10° or, in other words, with the stick in ons of
the two maximum lateral positions, 2 total incldence difference of 20
exiasts between the respective chord lines of the left and right ailavators.
When the stick is moved forward or backward while Iin this lsteral position
the elevator setting only is affected, the totel anguler differential of
20° being maintained. The rudders were deflected normslly i25

All lateral and longitudinal control deflections will be given in
this paper inr the form of stick vosition which when referred to figure 8
may be transposed to give the actual setting of each allavator.

Intermediate control positione tested wers as follows:

Stick laterally one-half against the spin

Stick laterally one—third with the epin or one—third against the spin

Stick laterally one—fourth against the spin

Stick longitudinally two—thirds back

o
Rudders deflected two—thirds 6.6—?— )

A gseries of tests were also performed for two up—eleva.tor settings
exceeding the design maxitnm up-elevator deflections of 45°, These two
settings were 65° and 85°, For these tests, 1t was assumed that full
lateral stick movement caused the same differential change of 10 thet
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occurred with normasl stick—back deflection, The two corresponding inter—
mediate stick—back positions (stick.longitudinally two—thirds back)
tegted for the criterion—spin control configuration used with each of the

two modified maximum deflections were h3%° (for 650) and 56%0 (for 850).

The stability flep deflection tested was 250, the angle of flap
deflection being measured between the thrust center line and the flap chord
line. '

Four propellier pitchoangles measured at 0.75 radius of the blede were
used and included 10°, 30, 600, end 90°, ¥or these tests the propellers
were allowed to windmill.

~

For all the tests reported herein, the landing geer was retracted,
as wes previously msntioned, and the cockpit was closed.

-

RESULTS ARD DISCUSSION

Results of tests made with the model freely spinning are presented

In terms of full-scale values for the airplene st an altitude of

15,000 feet in cherts 1 to 4 end in tables III to V. Inasmch as the
inftial tests of the model without propellers yielded similer results
for both right and left erect spins, most of the tests were arbitrarily
performed with the model spinning only to the right. .

Normsl Losding, Propellers Off

The results of left and right erect spins with the model in the
normal fighter losding, landing gear retracted .(condition 1 on table II
end fig, 7), are presented in chert 1, With the controls set for the
normal—control configuration for spimning (stick back and laterslly
neutral, rudder full with the spin), two conditions appeared to be possi—
ble; one condition a "no spin" and the other condition a spin with a
satisfactory recovery. The tendency for the spinning condltion to per—
sist was indicated, however, as slight control deviations from the normal-
control configuration {criterion—spin settings) caused two types of spin,
and recovery could not be obtained by rudder reversal from the flatter
spin. Similarly, poor recoveries were obteined from spins in which flsat
attitudes and extreme wandering motions were cherscteristic when the stick
wvae latersaslly ageinet the spin end elther neutral or forward longitudi-—
nally. The ruddere were Ilneffective in spins at these last—mentioned
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control configurations and the model continued to spin following rudder
reverssl. Unsatisfactory spin-recovery charscteristics were also
indicated when the stick was longitudinally back and laterally with the
spin, The optimum control positions appeared to be stick longitudinally
full back and laterally full against the spin (condition for "no spin™),
or stick longitudinslly full forward and laterally with the spin,
Recoveries sttemrted by simultaneous reversal of both rudders and movemsnt
of the stick full back and laterally full sgeinst the spin, however, were
not consldered satisfactory because of the time required followlng the

" control movement for the model to go from the flat spinning ettityde to

the steep attitude of the no-spin corndition (chart 1),

As noted previously, 1t was found that a no-spin conditicn persisted
when the stick was full beck and laterally full against the spin, but that
when the stick®was laterally full with the spin, no recovery could be
obtained for this stick—back position. Based on these resulits it appeared
that the outboerd silasvator (left ailavator in a right spin) had to have
e minimm upwerd deflection of 55° to vproduce the no-spin condition
obtained for the previously mentioned optlimum control position in which
the stick was full back and laterally full agelnst the spin. In order to
improve the spin-recovery characteristice of all spins with full-beck
stick, the maximum longitudinal control setting was increased to 65° up
with 2 resultant minimum upward deflection of the gutboard ailevator for
any lateral stick vosition (stick full back) of 55.. The respective up—
eilavator deflections then beceme 550 and 75° at either one of the two
maximum laterel stick positions when the stick was held full back. A
second revigsed maximum longitudinal control deflection tested gave
ailaevstor deflections of 75° and 95° &t either of the two meximum latersl
stick positions. The results of these tests are given in table III. It
1g epparent that these larger longltudinal control deflections were
decidedly beneficial, resulting in no—spin conditions for the stick-back
control configuration.

With the allavators completely removed, it was found that the model
would not spin.,

Effect of Propellers

Using the suspension spparstus previously described, epin tests were
cerried out to determine the effect of windmilling propellers on the
spin and recovery characterlistics of the model and to select the optimmum
propeller—blade pitch angle, Camparison of resulis obtained for the four-
blade angles of 10°, 30°, 60°, and 90° showed that 30° was the optimum
propeller pitch angle from & spin-recovery viewpoint, BErief free—
spinning tests were then performed at several control configuratlons with
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the pronellers set at a pitch of 300. The results of these tests, which
are vresented in chart 2, reveal that the characteristically flat spin
from which recovery is unsatisfactory still exists, the spins and
recoveries, in general, being very simllar to those obtained without
propellers. It seems, therefore, that no appreclable improvement in the
recovery characteristics can be expected from vindmilling propellers in
a spin of this airplane.

Inverted Spins

The results of inverted spin tests performed for three control con-
Tigurations on the model, propellers removed, and with the model rotating
to the pilot'!s right are given ifi chart 3. The order used for presenting
the data for inverted spins 1s different from that used for erect spins,
For inverted spins, controls crossed for the established spim (right
rudder pedal forwerd and stick to pllotts left for a spin to pilotts
right) is presented to the right of the chart and stick longitudinelly
forward at the top of the chart., When the controis are crossed in the
esteblished inverted spin, the allavators aid the rolling motlon; when
the controls are together, the ailavators oppose the rolling motion, The
angle of wing tilt @ on the chart is given as up or down relative to the
ground, L

Spinning in an inverted attlitude, ths model demonstrated a spinning
motion similar to that exhiblted for the erect spins for the control con—
figurations tested, Recoveries from these inverted mpins were also poor
as shown in chart 3, Based on the model spin teste the inverted spin—
recovery characteristics of the alrplane sre expected to be unsatisfactory.

Recommended Recovery Technique

It is advised that the airplane In 1ts vresent design configuration
e prohibited from any intentional spinning; however, in case of inadver—
tent spins, the following control technique for recovery 1s recommsnded:

Erect sping.— The stick must be set and held full back and laterzally

full against the spin before the rudder i1s reversed. Rudder reversal must
be rapld and complete. This control configuration should then be main—
tained until the spinning rotation has ceased; the stick should then be
nsutralized laterally and pushed forward of neutrql longitudinally to
regain normal unstalled flight. If after 5 turns the rotation has not
stopped, hold rudder full against the spin and push the stick forward angd
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leterally with the spin, When the alrplane hes become unstalled, care
ghould be exercised to rrohibit any excessive rates of accelerstion which
mey be coincident with the ensuing dive,

Inverted spins.,—~ To effect optimm recovery from inverted spins, the

gtick should be moved full forward and laterslly in the same sense ss the
steady-spin rudder (controls together) immediately upon entering the spin;
the rudder should then be reversed briskly to full against the spin
holding the stick at the prescribed position until recovery 1s obtalned.
As in the case of erect spins, if the airplene becomes unstalled, care
should be taken.to prohibit any excessive rates of acceleration possibly
coincident with the ensuing dive.

Dimensional Revisions to the Design Configurstion

The results of free—splmning tunnel tests mede on the model with
propellers removed for various dimensional revisions designed to improve
the recovery characteristics of the model ars presented in table IV.
Drawings_of the dlmensional revisions tested are shown in figures 9§
to 14, .

Inasmuch as 1t was recognized that any improvement to the spin—
recovery characteristics was dependent upon the elimination of the
cheracteristically flat spin, the primsry objJectlve of these tests was to
determine only the modifications necessary to prevent spins in the flat
attitudg. Accordingly, most of the tests were performed for Just one
control configuration, stick longitudinelly neutral and laterally agasinst
the spin, kunown to ccnsistently produce the flat—type spin.

The results of tests of those revisions which had no effect on the
flat spin are glven in section A, table IV, The results of tests of
revisions which, although influencing the spin beneficlelly to some extent
were not considered as satisfectory, are presented in sectlilon B, These
revisions included such devices as slots on the leading edges of both
ailavators, spoilers on the upper surfaces of both ailavators, and
longitudinal fences on the upper and lower surfaces of the airplane wing
plan form proper. . o

The results of tests of revisions that eliminated the flat spin and
satisfactorily improved the spin and recovery characteristics are pre—
sented in section C of table IV. These revisions were: (1) = supple—
mentary vertical tall 34 inches by 59 inches (full~scale) located
80 inches rearward of the airplane trailing edge in the plane of symmetry
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(supplementary tail 2, fig. 9); or (2) a large semispan undersurface
spoiler placed along the quarter chord and deflected downward 90° to
the chord on the ocutboard side in a spin {spoiler k&, fig. 11)}; or (3)
two large vertical fine 64 inches by 52 inches (full—scale) located at
the allavator tips (vertical fin 7, fig. 10}. For this last revision,
it was found that arbitrarily fixing 16 inches of the rearward parts of
. both vertical fins 20° against the spin, to simmlate antispin rudders,
produced a no-spin coendition, the spin rotation damping out rapidly
(within 3 turns) after the launching (table IV), The no—spln condition
still prevailed whether these simlated rudders were set at neutral or
10° wlth the spin, but the number of turns required before the spinning
rotation ceased was definitely greater (reaching as much as 15 turns)
than those for the condition in which the rudders were set against the

spin,
Spin-Recovery FPerachutes

The results of.the spin—recovery paraschute tests, propellers off,
are given in tatle V sections (a) and ‘b) and the method used to define
the towline angles is shown in figure 15. The results presented in mec—
tion (a) are for one parschute attached to the arresting gear mest. The
results show that, although varachutes as large as 16 and 20 feet in
diameter (full—scale) were used, poor recoveries were obtained from the
flat criterion svin {stick longitudinally two~thirds back and laterally
either one—third with the spin or against the spin) and for the flat spin
existent when the stick is longitudinally neutral and laterally against
the srin.

It wee requested by the contractor that specific tests be performed
to determine the effect of opening a tail parachute while simltaneously
moving the stlck longitudinally back and laterslly against the spin, =
control configuration which had previously yielded a no—spin conditlon.
The tests were made using a 16—foot (full—-scale) parachute attached to
the arresting geear mast by a 30-foot (full—scale) towline. The ailavetors
were set to represent a stick configuretion of neutral longitudinslly
and against the spin laterally, to produce a flat spin prior to the
recovery attempt. The resulits of these tests which appear in teble V
section (a) indicate that reccvery cculd not be effected by this technique

within Ei turns. This recovery technique therefore is not expected to
give sat&sfactory recovery on the airplane,
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The results presented in géction (b} of table V indicate that =
13.3—foot (full—-scale) parachute attached by a 30-fooct (full-scale)
towline to the arresting gear mast when opened simultaneously with an
8-foot (full—scele) parachute attached to the outboard end of the wing
at the quarter—chord line by either a very short towline (3 feet in
length, full—-scale) or no towline at all gave satisfactory recovery from
the criterion spin. Accordingly, it appears that such an arresngement will
be necessary to insure ssatisfactory recovery from demonstration spins., It
is at the same time advieed as a precautionary measure, however, that the
pllot move the stick longitudinally.full back and laterally full sgainst
the spin when opening the parachutes,

It was observed durling the tests thet the parachutes fregquently 4id
not completely clesr the model when opened and thus were slow in opening
or failed to open completely. In view of this, 1t is especlally Importent
thet some means of positive ejectlon be employed on the alrplans,

The calculated Full-scale steady—load and shock—load values for a
16~foot parachute with & drag coefficient of 0,7 will be 4130 pounds and
9500 pounds, respectively, based on reference 5, for a flat spin with a
relatively low rate of descent (182 ft/sec). For the sams parachute at
one of the higher vertical velocities (274 ft/sec) recorded for a steady
apin on the subject model, the full—scale calculated shock load is
19,000 pounds, Such lceds may be excessive for the ordinary airplane
structure and some specizl design may be necessary for the XF5U~1 airplane
to withstand such loads,

Stability Flaps

Chart L presents the results of tests with the stebility flaps
deflected. These reaults indicate that the stabllity flaps were not
effective in charging the genersl spin and recovery charecterilstics,
although the vertical velocities of spins with the stick deflected
laterally with the spin were Increased somewhat.

Ianding Condition
No tests were made with the landing gear extended inasmuch as current
Navy specifications require alrplanes in the landing condition to demon—

strate seatisfactory recovery characterigties only from l—turn spins.
Spin-tunnel experience indicastes that the effect of landing gear on e
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gpin is usually negligible. Comparison of current results with those
of the model of the prototype airplane (reference 1), which had a fixed
landing gesr, shows little or no effect of this landing gear.

Increase in Wing Ioading, Changes In Mess Distribution,

and Center—of—(Gravity Movement

In basic design the V=173 and XFS5U-1 airplenes are ldenticel, Threse
loadings were tested on the prototype model, the heaviest being lighter
than the normel loading tested on the XFS5U-1 model. The spin-recovery
characteristica obtained for the heaviest of the three loadlngs tested on
the prototype model (reference 1) closely resemble those obtained for the
subjJect model, In the light of this 1t can be inferred that insofar as
the dimensional revieions which distinguish the XF5U-1 from the mrototype
model failed to alter appreciably the spin and recovery characteristics
previocusly obtained for the heaviest loasding similated on the prototype
model, and the changes in welight and mess distribution tested on the
prototype are sufficient to indlcate the effect of these variationa on
the spin and recovery characteristica of the XFSU-1 eirplane,

For instance, analysis based on & comparison of the resulte for the
three loadings tested on the prototype with those obtained for the load—
ing tested on the XFSU-1 shows that increasing the welght tends to make
the spin and recovery characteristics progressgively poorer for any con—
stant mass dietribvution. From this 2nalysis, it is concluded that the
spin=-recovery characteristics of the XF5U-1 aslrplane for any gresater
loading or any posslible mmss distributions will not be improved over
those described for the normal loading. As indicated in reference 1,
moderate changes in center—of-gravity location or mass distribution will
not alter the general recovery characteristics. For all loadings, optimum
recoveries wlll be obtained from spins by moving the stick longitudinslly
full back and laterally ageinst the spin before fully and repidly revers—
ing the rudder,

Tumbling Tests .

The results of tumbling teste in which the model was released with—
out initial rotation from a nose—-up posltlion to simlate a whip stall
condition are given in table VI, section (a). W’th rudders neutral and
stick laterally neutral, the model would not tumble for control con—
figurations in which the stick was longitudinally back, neutral, or
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forward, After executing several heavily damped pitching oscillstions,
the model trimmed each time in a nose-down gliiding attitude.

The results presented in section (b) of teble VI for the eame
rudder and lateral stick positions indicated that, although nose-up
(rositive) and nose—down (negative) forced pitching rotation was imparted
to the model, no susceptibility to tumbling wae observed., Whether the
stick was longitudinally back, neutral, or forward, the model trimmed in =
steep dive after exhibiting several heavily damped pitching oscillations.

Pilot~Escape Tests

The results of the pilot—escape tests revealed thet it would be
extremsly hazardous to abandon the sirplane in 1ts present geomstrical
configuration for elither the flat or steeper type spin, Whether the
dummy pilot was released from the Inboard or outboard side of the cockpit,
it almost invariably slipped forwerd into the plane of the propellers be—
fore gaining suffliclent height above the model to ensble it to safely
clear the propeller bladeas, Following this the dummy pllot usually
tumbled to the outboard gide, quitting the model entirely, in soms cases,
as far aft as the Juncture of the allavator and wing, Seversl times
during the flat spins, the dummy pllot appsared to be struck by the lead—
ing edge of the allavator on the outboerd side In the spin, Just before
passing over or under this surface. The vertical talls provided a similar
gsource of ripk in the steeper spins when on several occesions the durmy
pilot struck one or the other before moving off the tralling edge of the
model., These resulis indicate that provision should be mede for
mechanically ejecting the pilot from the cockpit in such & way as to
allow him sufficient height to clear the propeller Dblades.

Tank and Bomb Jettison

No tests were masde to simulate the jettlsoning of fuel tenks,
torpedos, or bombs while in a2 spin, It is estimated that torpedos, heavy
bombs, and full fuel tanks when dropped in either the flat or steep type
of spin will clear the airplsne structure but may pass through the pro—
peller arc. As previously indicated, however, the addltion of these
items will not greatly affect the spin and recovery characteristics and
Jettisoning should not be necesgsary from a spin-recovery viewpoint,
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CONCLUSIONS AND RECOMMENDATIONS

Basged on the results of tests of & Ils-—scale model of the Chance

Vought IF50-1 airplene, the following conclusions and recommendations are
mede regerding the spln and recovery characteristics for the alrplane at
an altitude of 15,000 feet:

1. The recovery cheracteristics from fully developed erect and
inverted spins with the sirplene in its present design configuretion will
be unsatisfactory.

2, The optimum propeller—pitch setting for spins in which the pro—
pellers are allowed to windmill is 30°,

3. The airplane should be prohiblted fram any intentlionsl spimming.
In the case of inedvertent spimning the following conirol technique for
recovery should be followed:

(2) Erect gspins .~ Hold the stick full back and laterally full esgainst

the spin; then reverse the rudder rapldly and coampletely. Thils control
configmration should be maintained until the spimming rotation has ceased;
the stick should then be neutrallzed laterslly snd pushed forwerd of
neutral to regain normel unstalled flight. If aefter 5 turns rotation hsas
not stopped, hold rudder full against spin end push stick forward and
laterally with spin. . ' .

(v) Inverted spins.— Push the stick full forward and laterally in the
game gense ag the steady-spin rudder (controls together) immediately upon
entering spin., The rudder should then be btriskly reversed to full agzinst
the spin,

L, Increasing the up-ailavator deflection from 45° to 65° will result
in grestly improved spin—-recovery characteristics for spins with stick
full back and in any latersal position.

5. Dimensional revisions to the original design configurastion which
satigfactorily improved the spin and recovery cheracteristics of the
model consisted of either: (1) a supplementary verticel tail 34 inches
by 59 inches, full—scele, attached to a boom 80 Inches rearward of the
treiling edge of the airplene in the plane of symmetry; or (2) a large
gemispan undersurface spoiler placed along the airplane querter—chord
line end opened on the outboard side in & spin; or (3) two =2dditional
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vertinal tails (end plates) of 6% inches by 52 inches (full-scale)
located at-the tips of the allavators.

6. For demonstration spins satisfectory recoveries will be obtained
with a 12,3foot (full-scale)} parachute attached by a 30-foot (full-—
scale) towline to the arresting gesr mast and orened similtaneously with
an 8-foot, (full—scale) rvarachute attached by a short towline (2 feet,
full-scale) or no towline to the ocutboard end (left tip in & right spin)
of the wing at the gquarter—chord line. It 1s further recommended that
the pilot hold the stick leterally sgainst the spin and longltudinally
back during release of the parachutes.

T. Deflecting the stabllity flap will have no effect on the spin
and recovery characteristics.

8. The airplane will not tumble.

g, Pilot escepe from the spinning sirpleane will be hazardous unless
provision is made for mechanlcally ejecting the pilot from the cockpit,
Care should be tsken to Insure that he will safely clear the propeller
bladesg when eJected,

langley Memorial Aeronsutical Isboratory
Natlonal Advisory Commititee for Aeronsutics

Iangley Field, Va.

ot Pl

Richaerd P, White
Aeronavticel Engineer

Thomas A. Harris
Chief of Stebility Research Division

Approved:

KBC
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TABIX I~ DIMENGIONAL CHARACTERISTICS OF THE CEANCE VOIGHET XF3U-) AND

ﬂ VOUGHTL-STKORSKY ¥-173 ATRPLANES

Ir50-1 =173
Langth over all, Tt 28.13 26,64
Fumber of propellers 2 2
Propellors, mmher of blades (sach) 2
Propsller diemeter, ft 16 16.5
Forwal weight, 2b 15,867 k61
Normel center—cl-gravity Llocation, percent T 2 22,5

Wing:
Span, Tt
Aren, ag It
Section (canstant)
Meant asrolynsmic cherd, in.
Taading-edgs N.A.C, eft of leading cdge of wing, in,
Incidence, dng
. Bueephack mt 25 percent chard, deg
Dihedral, deg
Geametric aspect ratio (b /e)

Horizontal taily
Total ares, sq It
Root chord, im,
Tip chord, in,
Root gection
‘Tip soction
Horizontal dimtanse from norma) ceater of gravity
to allavator hinge line, £t

Yortical toailst
Totel aresa, aq {t
Rudder area rearvard of hings lina, aq ri
Roriromtal distence from normal center of gravity
to top of rudder hings line, £
Fin offaet from alyplans cepter line, dex

23.33 at 25 parcent ohond
ke

MACA 0016
238
10,02
0
0
- 0
1.27

48,0

52.0

26.0
FACA 0015
NACA 0000 .

.45
28."2
1.8

12,53
2 outboard (each)

23.33 at 29 percent chord
Lar.52
HAQA 0016
=38

10150
o
0
0

l.27
46,0 (inclnding 21 aq £t of fixed mtabilizer)
2k.9 (taken perpspdicular to hinge line)
NACA 0015 ,
MACA 0009
10,42 at root chard

0'5.3
13.2

15.0
0

- NACAL”

gZLLT "ON WY VOVN



"

- « - SRET AE
<R

TABLE TT.~ MASS CHARACTRRISYICS AND TWERFTA PARAMETERS
TOR LOADINGS POSSTATY ON THE CEANCE VOUGET IFSU—1 AIRFLANE
mmmmmmami—s-mm

[Rode) values are wosoated in torms of full-aoale velues, moments of inertia ave about conter of gravity]

" H Iy J;! L -1 Iy — I Ig ~ T
Ko, | Tosdt Wolght xfa sf3 soe teat 1 _IZ_EI y -1z r—Ix
e (2b) 4 lovel | altitnde (;tg)e- (::'gf- (;1,;3)3- b ub mh
Airplene valnes
~h ) d'“h
1 Normal 16,867 0.262 | 0,008 | 22,20 | 35.15 17,783 | 15,505 | 32,700 | 66 x 10 %01 x 10 = x 1
Meximm inorease
2 LI -211 13,690 237 | 003 | 1793 [ Ase | ITSTL | 14D | 3LITT 13% ~T23 588
ﬂ B
Marimm flocreans
3 . S T 18,98 .85 016 | ehfy | 39,60 18,731 | 17,204 { 33,205 51 0k k53
uh
Center of gravity
L moved rearvard 16,537 2067 00k | 21,60 | h.5%0 17,768 | 15,6 | 32,450 ™ ~500 525
Conter of gravity s '
5 moved, forward 16,022 231 .20 | 2127 | 33.83 18,530 | 15,88k | 30,006 97 ~589 k92
6 Cvorload fighter 18,582 2568 06 | 248 | 19.60 18,11 | 17,108 | 33,835 n 0% k5
7 | tight srows woight,| 1%,359.9 11} L003 | 19.5% {3108 17,641 | 1k,925 | 31,708 19 593 1§
Unsymmetriaal
B | overlosd fighter 17,969.h 0% L006 | ghhs | 98,86 18,210 | 16,905 | 32,9M 5% =5h3 ABL
Hodel \
9 | Normel 16,508 0.263 |0,008 | e2,09 | 3m.08 18,296 | 14,367 ] 33,703 | 103 x 10k | —6h6 x 10-h 243 % 10-4
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TARLE TTI -~ FFFECT (F REVISED MAXTHUM AND MIAHMTAMWIWGEMMWCMMCS

Fudders malntained with apin

wm{g_smmwmmmnwl ATRFLANE

R

L
]

8tick pomition

Direction of

Rosults Remerks
Tongitud inal Lateral 1mmohing rotatlon
Stick longltudlnally full back, allavators 65 up
Stick longitudinally 2/3 bask, ailavatars :,3; up
Full back Full sgainet Left o spin 2L turns after launching rotation atopped,
2 wodel in stesp glide
Full bask Full vith Laft Ko apln to 8 twrns aftsr lsunching rotation stopped,
modal in sheep glide
Pull back Keutral 1aft %o mpin ];E and 3% twrns after launching rotation
stopped, mode). in stesp glide
2 peox 2 Aen Left No spin % to 3% after Immehing rotaticn stopped,
3 3 mollel in stean glide
Stick longitudinally full back, allavatcrs 83 up
Stick longltud{nally 2/3 back, ailavatora 56?- up
Full baok Full against Iaft ¥o spin 7 turne after leunching rotation stopped
model in stesp dive
Yull back Full vith Left Large redious apin (V = 27h ft/eec, full-ncale)
Full dack Feutrel Teft No apin b to b turns after lmunching, Totation
stopped, model in steep diva
% Tack % againat Left Fo spin 3 to b turns after launching, rotation
stopped, model in steop dive
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TASIX iV,— MFTICT OF DIDER:IONAL FEVISIORS ON THT S7IN AND RECOYERY CEARACTIGISTICS OF THE IFTU-1 MOUXE

JHormel 1

deflactions; recovery attesgted cnly vhere ‘ndiocated by repid full rudder reveraal}

oading; eockpit cloasd; landing gear relracted; propsllers aff} stabillity flz;s neutrzl; pormel control

N

Type of apin axd recovery for Isteral
Hodel condition o
M. 2
Bovisicn or cerbimation P00 | focatien |WVEINAImRE gy, 1/% sgarnet | 273 wien| o1 Remarks
of ravigicns ffWJ on model cout tlor agaizst TN - - with .
; A_soctim A — Ravisions vhich d1& not astisfactorily e].‘_-‘.nnic the flat spin
1 | Yentrel fin 1 added e Plans of Noutral L Spin chteinsd similar
symatry to that of vorsvised
model {chart 1}
Ventral fin 1 adled 9 —-—deo-- .11 Back pa,> &
Veniral fin 1 added ] ~=80-- [2/3 back ¥o spin Ho epin
2| Yentral fin 2 added 9 --d0-~ Bautrkl - Do.
¥ | Vertlical fin ) added 10 Fn --do- - Flst lpiﬂl De,
location 1
(rig. 1k}
k Yertical fina 2 added .10 --do- ~ - ed@e -- -—de- - To.
& | Vertical 2ins 7 alded 10 cdo-~- |--k0-- [ 7 . Do.
6 | Yerticel fins k added | 10 -do-~ |-do-- ~do~ - . Do.
T Yertical fins 5 edded 10 -l --do- - ——ido- - Do.
8 Yortical firs 5 sdded 1o --d0-~ --do-- ~do-—~{" Do.
9 | Spofler 1; vertical 21 Upper - - 40~ ~ -.do- - Do
rins 2 (fin iocetlom 1} surface
&/ lins
10 | Spoiler 2 11 Lover do - --da-- Do.
surface
/% lipe
11 | Speiler 3 1 Lewer —--da. - —edo-~ De.
sarface
&/k 1ine,
cutbcard
side
12 | Longitudinal fenze 1 12 Feazes - o= — = |- -dO - =+ Do,
aleog ¢
thrust of
each
propeller
13 | Lengrtudinal fences 12 ~.do. - . do-- Ldo-~ Do,
1lam 2

1k | Longitudinal fences 12 < do-- I .y [ 7-p— be,
5 and 23 vertical
fin 5 (fin locatiom 1)

1% | Allavator spoilera; 13 Spoilsrs - ~do-— i~ -do—-—- Do,
vertical fing % (fin aloag G
locatica 1) silaTator

hinge line
lupper
surface

16 | Slotted ailavators, 13 Lasding .80~ . -do-- Po.
alats 1 edge of

ailavators

17 | Slotted ailzvetars, 13 -—deo-- -do-o -do-~ Do.
slats 2

18 | Yertical tim g 10 *n . .de-- - -do-- Do
original vertical location 2,
taily remcved (2:g. 1k}

1o ~-0-- 10 Fin - Lo-- --do-- Do,

locstlon 3,
(£ig. 1k}

20 | Dorsal fin 1; verti- 1k Dorsal - ~do- ~ a) rlat Twc types of aping
cal fins 7 (fin loca- fic o spin chtained (a) flat
tion 1), origical rlaae of Kb} atesp apin sim‘ler to
vertical talla symmetry spin of umrrsvised
removed model (chart 1} ant
L4 (b) steep spin with

& rate of descent
>30k £t fsec
—————a———
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TABLE IV.— EFFECT OF DIMENSICHAL FEVISTONS OF THE SPTE AND RECOYZHY CHAMACTERISTICS OF THE IFS-1 MOGIT — Concluvded

Em‘l loeding; ocockpit closed; landing gesr retrzcted; mropellers off; stabiliiy flaps neutrel; ncrmal coatrol

deflectionss recovery sttempted cnly where indicated by rapid full rudder runrng

Nodel condition

stick positions Indicated

Type of spin and recovery ror Istaral

¥oul Revision ar caubination S| Locatsonf leveitibmal gy, | /3 agatost | 173 wien| FELL Fezsrka
of revisions 5 on model position a.slp.inst with
Section A — Revisiccs vhick 414 nat satisfactorily sliminete the flat spin
21 | Dormal £in 3; vertical | 1% | Doveai | Houtral |Frat apin Spin chteined similar
s 7 (fin locatiom 3) fin in to that of mreviasd
original verticel talls plans of model (char€ 1}
removed symmotry
22 | Dorsal Pin 1; verticsl 1k |....80cccfrr-adOo-——m —{eedOe— — | To.
fice 7 (£in locatieon k) -
ariginal vertical tails
remcved
23 | Doreal f£in 2; verticsl 1k |=~-lo——f---20-- —~{(a] flat Two types of mpina
fine 7 (fin locat’on i spin cbtained (a) flat
1} eriginal vertical R {b} spin . spin of unrevrised
talls remcved steoyens ndel (chart 1) and
asout (b) ateep apin with
turna & rete of descent
> 30k ft/mec
2k | Dorsal fin 23 verticel 1k -do-- |-~--d0-.- - |Fist apin Spipe chteined simflar
fins 7 (£in locatfon 2}; to that of nnreriszed
cariginal vertical model (chart 1)
tails removed
25 | Darsel fin 2; vertical 1h ~dgen |cmmlo—m el O —m - Do.
£ing 7 (£in locaticn 3);
eriginal verticsl tails
remcred ’
Section B.~ Ravisions wkich kad an effect on the stesdy fiat spin Put were not ccnsidered
satisfactory because of the time required before any effectiveness could bs realixed
26 | Supplemsntary tsil 1 9 (Plane of Keutral > % Spin atee bt
symzatry Trecovery st pocr
27 | 8poiler = 11 |Lowsr [-~==d0-=——{ Btesp wspin| 8pin ateepened after
surface approximetely 8 turns
/% line
28 | Spofler § M J-ndo-. [----d0-—rleado— — Da.
22 | Spoiler 7 11 --80-~ B (- R e - e To.
70 | Spotiler 7; vertfcal 12 | --d0-- fe---do---—---do-~— Steey spin, no
fins 2 (fin locatton 1} secoveries attempted
Sactlon C,— Rsviasions which satiefactorily elim‘nated the flat apin
31 | Supplementery tafl 2 g |mee o | metrar fif, 2
sywmmstry
Supplementary tail 2 -] - 40~ 371 back Nc avin
32 | Spoiler & 1 [Lower Neutral |%o spin Spin rotation ceased
aurface in about 20 turns
&/ Lina
outboard R
- side
33 | Vertical fins 7 10 |Vertical |- - -do-- —}-——do- — Spin rotetion
{rearverd 16 in, fins in completely damzed in
of {ins simlating fin loca— 3 turns
rudders fixsd 22° tion 1
ageinst apin)
3kt Verticel fins 7 10 f~eedonw =~ -0~ [---dO-~ - Spin rotation damped
{rearvard 16 in. in 15 turns
of fin simlating
rudders fixed at
peutral)
35 | Vertical fins 7 10 }--—do—- - f--ed0- - = |-— -0~ —— Spin rotation damped

of fins simulating
rudders fixed 10°
with spin)

in slightly greater
than 1% turns
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TARIE V.~ SPIN-RECOVERY PARACIIUTE DATA OEMMA%&MMWWCMWM-IAM

(a) ARRANGIMENY CONSISTING OF ONE PARACHUTE; TOWLINE. ATTACHED TO THE ANKESTING GEAR MAST

Emwl Losding; 1anding gear retracted; stability flaps neutral; mropellers off; recovery attexpted by opening parachute while
rudders vere maintained with the spin; model values oonverted to correaponding full-scale yalues ara givm’ﬂ

"rowlips trailing
Stick position engles moanured from
Parachute | Towline Yeortioal thrust lins
’rc. dlm;:er 1??\:1)‘.1: R ‘(';t‘}:ig Turns far recavery " 5
: ' (dsg) {deg)
1| 133 30 B/3 back | 1/3 right 205 % , 3% 18 to 61 19 to 3
2 13.3 30 Fsutral Full right -
3 13.3 30 ' Full for— | Neutral >3
ward
1 13.3 30 2/3 beok 1/3 left > 304 2,2 6to3l 12 to 28
5| 13.3 30 2/3 beck | 1/3 right 2hk 1, %, 6 2k to B 6 to 12
6 16 10 2/3 back 1/3 right 210 2,82 2 T9 to 103 11 to &9
- T 16 : 30 Hlautml Tull right 188 2. {1 to 119 27 to ~1h
§| 16 23 Neutrel | Tull right -, - |
9 16 1% . Reoutral Full right "
10 16. 30 Full back | Full left >T
11 16 15 Full baok |TFull left >1
12| 16 10 /3 back | 1/3 left 206 |1,8,3,58 | Red T to =35

Angles maasured as noted on Tigure 15, LY W«cﬁ? -
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TABIX V.~ mmpmmmmmmmn%ammmmmmmmlmwmn- Continmed

(a) ARRAMCEMERT CONSISTING (F ONE PARACHUTE; TOWLINK ATTACHED TO THE ARRESTING GEAR MAST — Concluded

@arml Ioading; landing gear retracted; stability flaps nsutral; propellers off; recovery atitempted by opening perachute while
ruddars wers maintained with the sping model valuea converted to corresponding full-scele valusa ars ginxﬂ

. ®Towline trailing
Parachute | Towline Stick position Yortical angles wansursd from

No, | diamster length velocity thrust line

o (t) (rt) (£t/e00) Turns far recovery BE

Longltudinall Lateral _ (20g) (deg)

13 16 30 2/3 back | 1/3 rigat | 2ik ei-, b 29 to 83 % to 23
w | 16 ' 30 Neutral | FPull right! 193 ba, bai, Py, Ps

15 20 30 Neutral | Full right| 193 % w 93 to 104 -6 to 19
16 20 . 15 Feutral Full right}] 193 3, b, b 78 to B4 ~5 ta 28
Sangles measursd zs noted an figure 15, L S NACA,

covery attempted by relsasing parachnte and simultaneously moving allavators to atick
poaltion? stick longitudinalily back amd laterally against spin,
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(b) ARRANGERMENT CONSISTING OF THO PARACHDTES; TOWLINE CF ONX ATTACEXD TO THE CUTBOARD KD OF TNE ATRPLANE (;
QUARTER CACED LINE, Of OTHER, TO YHE ARRESTING GEAR E
gzt e ooty iy g iy o ety g et by g
ﬁ:: Tow)ine g:'mpa: Towline Btick poaiticn Verbioal %:"h%:: ﬁﬂ?‘m;""m orem -
o, | Smte s | enth | oo s s v S EEP— SRS S 5
mn:-rftm Eﬁmlfu Longitudinel | lateral (aeg) | (aeg) (aeg) | (a0g) bt
(re) (re)
1 6.9 30 13.3 0 2/3 back | 1/3 right a1 QE, l-e * [|m—— 67 to T7 | 22 to 48
2] 1n.7 30 £.9 0 2/9 back | 1/3 vight e 3 JE, 32 P tob3|-eTbobn]| 26 toB6]| D to 29
11.7 36 8.0 0 2/3 vack | 1/3right | 216 a-:-,. 3, 3, }% D7 t0 6 |mmmeme e Weom| 0t
BRI 30 10.6 0 2/3 ack | 1/3 right ) >a% AR, IS I e e
5| 13.3 30 6.9 0 B/3 back | 1/3 »ight | 216 ]é, s%, ale, al & 20 51 %o 64 |39 10 30 ]
6| 133 | 30 6.9 8 2/3 back | 1/3 left 1%, 13 5 to 56| 20 0 to 26 | 36 to ko
7| 133 30; g.b 0 2/ tacx | 1/3 rignt 221 1, J.e s R K7 to 50| 10 to 33
8 | 13.3 30 8.0 3 2/3 back | 1/3 right 207 1,:-, % Ktom| 2603 | 36to2B| 2t0 28
9 13.3 30 8.0 3 2/3 back | 1/3.1art 216 1, 1-:, JrE 1 to k]| 84020 | 3 to 76]102 to 2h
10| 13.3 "30 8.0 3 ~ 2/3 vack | 1/3 rgnt 1% ______ ISURUE SSSSPUNUN S
nf 13.3 30 8.0 3 Weutrsl | Full right{ 193 5%, 8 WBtotBlo2otos2 | 26| 0t B
2| 133 30 1,2 B 2/3 back | 1/3 right 227 1, 1-3, ) 63 H 38 to 68|20 to 30

nﬂngloumdunutd.mﬁml'}. m EAg
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[Mode1 released in a mose-up attitude similating a whipstall, HNermal losding,

lending geer retracted) mropellers aff]

Tunnel airspesd at whlch molsl

Behavicr of molel after being

8Longi tud inel Intaral Rudder
poms stick position setting vas launched into tunmel 1annaled.
stiok position pos {full xcale, )
Withont initial roteticn
Toll back Neutoral Youtral 188 Model mode aovernl heavily demped
positive and negative pltohing
osoillations evd then trimmed In
atosp glide
Neutral e l0m — o [ BO— - 188 Do,
Full farvard c—e el — — | 80— 188 Do,
With farcad imtiel rotation
{a) Direotion of foroed initiel rotation, pomitive (nome up)
Tull back Neutral Noutral 188 Nodol wala maversl heavily dmmped
- poaitive and negative pitching
osoillations end then trismed in
steep glide
Xeutral L — -0~ e — | mlO -~ 188 Nodel mads soveral heavily damped
pegotive pitehing oscillations and
. than trismed Iin steep glide
M) foiward —— el - s |l — —— 188 Do.
(b) Dirsction of farced initial rotation, negative (noae down)
Full, beck Neutral Feutral 188 Moldel wede several ksavily dewpod
positive amd negative pltching
oseillotions and than trimmed in a,
ateap glide
Ful), forward L = — —— | ——d0—— 188 Model. mads several heavlly damped
nogative pitching osoillatfons Lhen
. trismsd in a atoep glide
PXormn), maxinnm longitodinal santrol deflections ywed, SRR ‘W
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stlok to longitudinally full beok,
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CHART 1,- BPIN AND RECOVENY OHARACTERISTICS OF THE f(:_m KODEL OF THE CHANCE YOUGHT XM=l AIRPLANE IN THX KONWAL FIGHTER
LOADING .
E_.uung 1 on tahle II aod figurs T; propellers off} stabllity flaps nsukral; landing gsar retraoted; ocockplt olosed; norsel-oontrol
defleations; recovery atismptod by rapid full rudder reversal sxcept am athsrwiss indioated (recovery mitempted from, and ftoady-
spin data prassnted for, ruddsr-full-with spina); erect apins; direotien of spin as indicat ’
Laft aplne ) . Right spins *
A [
ch | M0
Twa types o:' mpin % [ ?2 g Two typas of spin
™ 2!1 27
fo |m &5 | 6D Wo | spinl 262 {041 210 0.5 Yo | wpin L3138 3| @b 2k lo.51
1 b,
304 196 L.n i 1 13 - p30k ]}, 1| a3 a4k |0.52 N
bo  bo, | © KTsvaaa— 0o bo bo | °© ALTSR G
1 sFond be, srone
Allerons L 1 =0 " 1/3 agalinst i—-'wf - 2, 2 o L3 with
1 LLj Y] 3 Elsvator 4 Elovator
Tlovator Sk sl 2/3% up u {2 2/3 wp *
2/3 w % Sl 38
. e Eal? o 9
@ S8 gala
a lahad Y 1y ~
£l e v BB
ol L 72 |30 ‘ Ailorons
Allerana full agalnst full againss Allerona full with
132|0,71 (Bt1ok right) 153 | 0.55| 27% [o0.5% 168 { 0.72["(Btack 1oty |FTY | 055 (Btick Taghs) 304
b b -] b
- SIC R AE T N
r rf »Y
By 7%' & -g\ =i & g "E.
M/;.a‘ronl Two types of spin 4 g: E E ;‘: :':E
1/2 againdt ,4yarone 1A sgatnet 6 B\ D 8 Fla eri|s
. . LR e a daje s
69 [ su 62 Wy o 61 |00
7| 76 |AD - 89 |15D
194 Jo.59| |196 [a6o | (oM 199 |o.61| |30k 30l 188 | 0.52 F370 7304
- b r b NATIONAL ADVESORY B b
oo o bz,' bl; oo ]%. 2 B oo 2, JE QOAMNTTEE FDR ATRONAUTICH ;, 1%
A0s0illatory spiu, Tange of valuss or average valus glven. * L3 ]
PRegavery attewpted bafore model resdhed 1te final atasp sttitude, Eyiaual entimte. Kodsl values (aeg) | (dsg)
“Hocovery nttespted by reversal of rudders to 2/3 against the spin. h\uaa rading spin, oonvarted d:o = -
covery attempted hy simultansoug roversal of rudder to full againat the spin corresponding (tpu) |(rpa) |
and of stick to longitudinally full baok and latormlly full against tha spin, full-soale values, fpud |t
sry attompSod by simultancons raversal of mdders to full against spin Sy U inne wing up Purns for
and of stlok to longitudinelly forward and laterally full with the spin. D inner wing down resovery
TReqovery attemptoed by simultanesus reversal of ruddsrs to full againet spin '
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CHART 2.- BPIN AND RECQVERY OHARACTERISTIOS OF THEL %g-scn.l: MODEL OF THL CHAROE
YOUGH? XFSU-1 AIRPLANE, PROPELLERS INSTALLID - PROPELLER PITCE = 30°

LTfoml righter loading (loading Y on table II and figure 7); stability flaps neutral; landing
cockpit closed; normal control deflections; recovery atteapted by raplé full

:d' (Ig vory attempted from, and steady-spin dsta

goar retraoteﬂ i
BT T TP M e Tt A EE D e T s M A S

.

a
ko o
Lg | s5U
M Two conditions possible
a 2tk 0.30
’ ko |70
57 |5 -2t 6
1 g :
. Ailerons Ko | spin Ro fspinf 241 [0.33] Atlerons
1/3 against b 1/3 with
Ilevator g >6 Elevator
2/3 up o 2/3 up
-l
& 2
. E o
g
HE
ﬁ —
¥
Allerons full against Aflercns full with
(8tick right) {Stick left)
L
, .
5
23
1
o8
- A a
5= .
1k
I B
o]
A=
il |~
]
NATIONAL  ADVISORY
. COMMITTEE FOR AERONAUTICS
.'Osoillatory spin, range of values or average a »
value given. tdeg) | tdeg}
bRecovery attempted by moving rudder to 2/3 Model values v
against spin. converted to (fps) A )
correspondling F& (rps

full-scele values.
U inner wing up
D inner wing down

Turng for
recovery
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NACA RM No. I¥123

OHART 3.. INVERTED SPIN AND RECOVIRY OHARACTERISTICS OF THE 1%-8011.! MODEL OF THE
OEANCE VOUGHT XFeU-1 AIRFLANE

Eoml-righter loading {loading 1 on table II and figure 7); propsllers off; atability flaps
neutral; landing gear retracted; cockpit clcsed; normal control deflections; rscovery

attempted by rapid full rudder reversal {right rudder pedal forw

left rudder pedal forward ror'reoovcrr); rotation to pilot's righ

during steady spin,

34
k7 | 6D

App
250

b1

8tick full right

{(Jontrols together)

a
Oscillatory spin, range of values Or average

b.

value glven.
Visual estimate.

-
] 250 p.5¢
- -]
>3 >5
£
&
~
-l
=]
&
-l
3
-l
-
a
8%ick, full lert
194 p.61
(Jontrols crossed)
[~ =]
I
kY]
]
2
-t
=]
é
-
3
-
@
\
KATIONAL ADVISORY
GOMMITTEE FOR AERONAUTICS
- ‘
3 @
. (deg! (deg!
Model values v -
convertea ta ‘r ) -t )
correaponding Fe ({ree

full-scale values.
U inrer wing up
I linner wing down

Turne for
recovery
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CHART k.- SPIN AND RECOVERY CEARACTERISTIOS OF TEEL L

XF5U~-1 AIRPLANE WITH STABILITY FLAPS DEFLICTID 25° DOWR

Etoml righter loading (lcading 1 on table II and figure 7); propellers off; landing gear
retracted; cookpit closed; normal control deflectlions; recovery attempted by rapid full
rudder reversal except as otherwise indiocated {rscovery attempted from, and steady-spin

,data presented for, ruddsr-with spins); right ereot spini]

SCALE HODEL OF TEX CHANCE VOUGHT

-
Ro |spin No | spin b 262 | 0.40
ko [ U 1
kg [ 4D "3‘2‘- >6
A
Allerons 227 | 0.ko 280 [ 0.3 Atlerons
1/3 against PR = = 1/3 with
’ Elevator > hY 11 Elevator
2/3 up e i %i oy e LR B A
1 § E
ol &
3 ™
3
ol =
ﬂ L)
be a a
70 hy
85 3D
Allerons full against Allerons full with
. 0 jo.42
177 o-45 (8tick left) 7349 (8tiok right) P
e )
»5, w 3, 3 - »2, >3
. .
iF
-t
Sl E
él s
£ -
348
HE
Two types of spin g~
b b
64 sU! 50 |3U
79 12D| 57 kp
199{0.521233 [0.%5 NATIONAL AOVISORY
COMMITTEE FOR AERONAUTICS
o« 5
————
8Recovery attempted by moving rudders to "
b 2/3 against spin. 'd:_] rdog)
Ogoillatory spin, range of values or average vodel L L g
1 1 . ‘oael values " =
°Ve;; ::n e;;gg apin. converted to v -
corresponding (frel | fres)

d\"ary stsep spin.
®Model recovers in steep dive.

full-scale values.
Lt inner wing up
C inner wing down

Turns fer
reccvery
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Flgure L.-Three-view drawing of 1fie ja~scale mede/ of the Chance
Vought X7 SU airplone o5 fesied i e rrec-spiiming Funmel
Cenrer of gravity showrn For 7he normal Ffighter oaalng.
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(2) With propellers.

(b) Without propellers.

Figure 2.- Photograph of the 1% - scale model of the Chance Vought X¥FbU-1

airplane as tested.
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(b) Model spinning on suspension apparatus, propellers installed.

Tigure 4.- The ilg-—scale modél of the Chance Vought XF5U~-1 airplane

LN in the normal-loading clean condition ih the Langley 20-foot free-
spinning tunnel. .
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Figure 5.~ Photograph showing the installation of the universal joint

used in conjunction with tests performed with X¥F5U~1 model
spinning on the suspension apparatus.
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Frgure 6- The focotion of fhe arreshng geor rmost wed os o gowrt of
ofrch e e ;‘Sr\s}aﬂ-—/ucmry porochules orn the L76-~Scok rrooel! of
e AFEU omplre . Dimensrons are full scale.
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O AIRPLANE VALUES XF5U-I
B MODEL VALUES, XF5U-|

IOOO<> V-I7T3AIRPLANE VALUES

xi0%

)

INCREASED ALONG FUSELAGE

0]
o

8

N
3
.@8

g

NN

I7-1x  RELATIVE MASS DISTRIBUTION

0200
% 200  -400° -600  -800 _ -IOCOX 02
Iy -1z _RELATIVE MASS DISTRIBUTION
mb® . INCREASED ALONG THE WINGS

FIGURE 7~ MASS PARAME TERS FOR LOADINGS POSSIBLE ON THE

XF5U-1 AIRPLANE AND FOR THE LOADING TESTED ON THE
XF5U-{ MODEL AND FOR POSSIBLE 'V-{73 AIRPLANE LOADINGS
SIMULATED IN TESTS WITH THE V-{73 MODEL. (XF5U-

LOADINGS ARE LISTEDIN TABLE IL). =~
L ] COMMITTEE FOR AERONAUTICS
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NACA RM No. LTI23

Figure 9.- Ventral fins and supplementary tails located in the plane of

symmetry as tested on the ' TIB'- scale model of the XF5U~-1 airplane.

Dimensions are full scale. T NATIONAL ADVISO RY
) OMMITTEE FOR AERONAUTICS
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Plan view of ailavators and rearward portlon of XF5U -1 airplege, Vertlcal fin b
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-I NATIONAL ADVIBORY

QOMMITTEE FOR AERONAUTICS
Figure 10.- Vertical fins tested on the Ilg-scale model of the XF5U -1,
" airplane, Dimensions are {ull scale,

£21LT "ON WY VOVN



2,0, NACA RM No. L7I23
E.E .: ] Side view
e o XF5U-1 airplane

b

\\\\\\\\\E 48.0
\ 7 \ |
w

§§§§§§§§§§§§§&“. D AR

20.0_';_ ﬁ 130.0" .| XFFE:GE[; ;i;‘;ﬁie
Zig' \\\\\\*t\\“\\\}\\\\\\ Spoiler 3
l 135.0" '
N
§&\\\\\\\\\\\\\m\\\\\\\\\\\\\\\\\% Spotter 4
| 131.0"
- "~ Spoiler 5 "
by, AN AN < m\\\\\\\\%
23.03—,L 260.0" = -f
N Spoiler 6 N "
\\\\\m\\\\\\\\\\\\m\\\\\\\\\\\\\\\\\\\\\\\m\\ﬁ NW\\\\\ %:2:;—(1
N 262.5" "
\\ . Spoiler 7 \\ } .
o | 262.5" 7

Figure 11.- Full-span upper-surfacé and full ~span and semispan under-surface
spoilers located along airplane quarter-chord line as tested on -113 -scale

model of the XF5U-1 airplane. Dimensions are full scale.
- NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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 Upper-surface

Front view of fence 2

XF5U-1 airplank m
|

20.0"
¥

Side view of
XF5HU-1 airplane

4 — T
. ) Q3 \\\\\\\\‘\\\\\\\\“‘--

Lower-surface
fence 1

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 12.- Upper~ and lower-surface longitudinal fences tested on the
1L6 ~scale model of the XF5U-1 airplane. Dimensions are full scale.
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Allavator

\- LE Adlgvsior

Quarter chord .
of ailavator e < _;Z_:Q_?' Spotler
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Section A~A
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Section A~A . — Section A~A

Figure 13.- Spolier and slats tested on the allavators of the T%-scale
model of the XF5U~1 airplane. Dimensions are full scale. ”
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Plan view of allavators and

[ ]
- o2 Dorsal fin . rearward portion of XF5U-1
:”’.E :: airplane.
. 2
.o : \ Fin location 1 \
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Fin location 2
Plan view of right ailavator
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Fin location 4 )
Dorsal fin 2 Side view of tail
Plan view of right ailavator
[
\ — : NATIONAL ADVISORY
\ CGOMMITTEE FOR AERONAUTICS
,:——-———472.0"——"
Figure 14.- Vertical {fin locations and dorsal fins tested on the %-scale
_model of the XF5U-1 airplane. Dimensions are full scale.
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Figure 15— 4tachment porats and gpproxirmate range of
aftituces assumed by spin~recovery parachutes
¢ adurin j recover/es ﬁom rl'qﬁf J‘plns.
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