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FREE~SPINNING, Lomxmzm-mu, AND TUMBLING
TESTS .OF __.B-scam MODELS 01=' THE -
CORNELIUS XFG-1 GLIDER
By Ralph W. -Stone, .1:-., and Iee T. Daue;htridge, I

SUMMARY

A serlies of tests has deen »erformed in the Langley
free-spinning tunnels to datermine the spin and recovery
charecteristics, longltudinal-trimming characteristics at
extrame angles of .attack,.and tumbling tendenoies of a

_%_B-scale model of the Cornelius XFG-1 glider. The
téats wore made at an equivalenf altitude of 15,000 feet.

The effeotas of loading, mass distribution, and
senter-of-gravity position upon the model characteristics
were determined. The inverted spin charaoterlstios and
the spine-recovery parachute rbquiremants were also
inveastigated.

The results of the tests showed that the model would
apin 1n a flat attitude with extreme osolllations. In
general, reversal of the rudder alone or extension of the
spollers stopped ths apinning rotation, dbut the model
remained in a stalled glide. Movement of the elevator
down pltched the model out of thie glide. Iongitudinal-
trim testa indiaated that 1noreasing the elevator=down
setting to 20° insured pltching the model from this
atalled gllde, but the spin resulte indicated thet oare
must be exerciaed to avold entering an inverted epin.

A li.5~foot and a 7.5-foot (laid out flat diasmeter) silk
tail narachute effeoted satlsfaotory recoveries when
opened during spins of the glider for the minimum flying
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wolght and the fully loaded c¢onditions, respectively.
The modsl would tumble unless the elevators were held
againat the rotationm.

INTRODUCTION

At the request of..the Army Air Forces, Alr Technical
Service Commend, a series of tests has besn performed in
the Langley free-splnning tunnels to determine the spin
characteristics, longitudinal-trim characterlistics, and

tumbling tendencles of a -} _~ascale model of the XPg-1

glider. The'wings-or-thelgi§der are awept forward and
are located nemr the resr of the fuselage and have
spoilers to ald in lending., The glider hes & con-
ventional vertical tsil surface but has no horizontal
tall surface, the slevsetor controls being on the wings
inboard of the ailerona.

Two loadlngs were tested, corresponding to the
glider in the minimum flying welght condition, and in
the fully lcaded condition. The spin and recovery
charecteristics for both loadings were determined. with
the spoilers neutral or extended, with the landing gear
on and, off, with forward and rearward positions of the
center of gravity, and with various moderate changes in
mass dilstribution. The inverted-spln characteristics
for beth loading condltlons were also determined, and
the effect of increesing the wing dihedral was deterw-
mined for the minlmum flying weight condition. S8pin-
recovery tall parachute tests were made for both loading
conditions, The longitudlnal-trimming tendencles of the
-model mounted free to pitch were investigated, the
effects of spollers, landing gear, and center-of-grevity
location being determined.

Tumbling tests were mede for the model in the mini-
mum flying weight end fully loaded conditions, during
which the effects of ocenter~of-gravity positions,
spoilers, and landing gear were detsrmined,
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SYMBOLS

wing area, square feot

wing span, feet

mass of giider, sluge' : -

mean aerodynemic chord, feet

ratlio of distence of center of gravity
rearward of leading edge of mesn aero-
dynamic chord to mean aerodynamic
chord

ratio of distance between center of gravity
and fuselage centerline to mean aero~
dynamic chord (positive when center of
gravity 1s below fuselage centerline)

moments of 1inertia about X, ¥, and Z body ..
axes, respectively, elu'g-feet2

inertia yawing-moment parameter
inertia rolling<moment parameter

inertia pitching-moment parameter .

-

ailrplane relative density

alr denslty, slug per cublc foot

full-scale true rate of descent feet per
second

angle of attack, degrees
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APPARATUS AND XETHODS
Model

Two dimensionally identical 18-8cale models of
17.

the XFG-1 glider were bullt and perared for testing
by Langley. Two models were bullt in order to expedite
the tests in case of excessive dampge to one of the
models and because & model bhullt to be ballasted for
the light loading would be too wemk structurally for the
heavy leoading.

The dimensiocnal characteristics of the full-scale
glider are given in table I. A three-view drawlng of the
model with the landing gesr on is presented in figure 1.
Photographs showing the model with the spollers extended,
landing gear off and on, are shown in figure 2.

The models were ballasted with lead weights to
obtain dynamic similarity to the gllder at an altitude
of 15,000 feet (p = C. 001496 ). A remote-control metha-
nism was installed in each mpdel to actuate the controls
for the recoveries. The landing gear was independently
ballasted so that correct mass cheracteristics were
obtained for the model with lending gear cff and on.

Wind Tunnel and Testlng Technique

The tests were performed in the Langley free-
spinning wind tunnels - the spin and tumbling tests in
the 20-foot tunnel, the 1ongitud1nal trim tests in the
15=foot tunnel.

With few exceptions, the operation of the 20-foot
tunnel is similar to that of the 15-foot tunnel as
described in reference 1. The model launching technique
for spin tests has been changed from launching with «
spindle to launching by hand with spinning rotation.

Spin tests.- The spin dsta presented were determined
by the methods presented 1n reference 1 and have been
converted to corresponding full-scale values. Because
of the oscillatory and wandering motion of the models,
quantitsastlve dat& could generally not be obtained; therew
fore, only a description of the model motion before,
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and the flight path after, control reversal 1s presented,
together wlth the number of turns 1t took the modsl to
stop ‘rotating after the contrcl was.reversed. - The tests
were performed for the normal splnning céntrol oconflgu-
ration (elevator full up, allerons neutral, and rudder
full with the spln) and for varlous other aileron-elevator
defleoction combinations including neutral and mexlmum
deflectlons of the surfaces for the varlous conditions
tested.

For the spln-recovery parachute tests, the model
was launched into 1ts splnning condltlon with the rudder
set full with the spin., Reoovery was then attempted by
opening a tall parachute. The parachutes used weire the
flat clrcular type msde of s1lk and had & drag coef-
ficlent of approximstely 0.7 based on the surface area
of the canopy. The dlameter was measured when the para-
chute wes lald out flat. The towline was attached to
the tall cone of the model and the parachute was packed
iln such & manner so s8 not to change the splnning con-
dltion.

Longltudinal-trim tests.- For the longltudlinal-trim
tests, the model was mounted on & speclal rig fixed in
the center of the tunnel. (3See fig. 3.) The model was
restralned from any movement about the roll and yaw exes,
but was free to rotate about a pitch axls- through an
angle of plus or minus 90°. Provision wss maede for
mountling the model at varioua center-of -gravity locatlons
through a range of from 9 to 19 percent of the mean sero=-
dynamic chord. The model was mass-=-balanced about the
pltch exls for the particular center-of-gravlty location
deslired.

The model was rotated to zero angle of attack by
strings attached to the nose and tall. The slrspeed in
the tunnel was then increased and the model was allowed
to assume an angle of trim., In order to determine 1f
there was more than one angle of trim for any condltion,
the model was rotated by means of the strings, and the
trim angle was measured when the strings were released.
The trim angles were resd by means of & protractor
mounted on a tunnel window which was approximsately
parallel t¢ the plene of symmetry of the model. These
tests were arbltrarlly perfermed with an sapproxlimate
tunnel alrspeed of Ll feet per second. )
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Brief force tests were glso run in the free~flight
tunnel to determine the neutrel point of the model and
to obtain date which could be compered with the results
of similer balance tests performed at Wright Fileld.

© Tumbli tests.~ In order to determine the tumbling
tenddﬁEIEE_gg_fﬁﬁ_ﬁodel, the model was either released
from & nose-up positlion to simulate a whip-stell or was
given an initiel pitching rotation asbout & lateral axis.
In the tests in which initial rotation wes given the
model, because of the confined space of the tunnel, only
enough pitching moment was applied by hand to insure
that the model would meke et least one complete turn
before 1t struck the safety net for cases in which 1t
would turble, or that the model would meke approximetely
cne complete turn before 1t stopped rotating for cases
in which it Wwould not tumble. The number of turns the
medel took before it ceased to tumble or before it hit
the safety net was observed, as well as the behavior of
the model while 1t was tumbling and efter it ceased to
tumble. .

‘Moving pictures were taken of both types of tumbling
tests so that e study of the model motlion could be made.
Approximete vertical rates of descent of the model during
the tumbling tests were determined from the film records
of the tumbling msneuver and from the tunnel airspeed.
The camera speed belng known, the epparent vertical rate
¢f descent wes determined from the nunmber of frames of
£1lm in which the model moved a certain verticeael
distance. This epparent vertvical rate pf.descent was
added to the tunnel alrspeed, giving an approxlmate
vertical rate of descent of the model during fthe tumbling
meneuver, Three rudder-slleron control comblinations were
tested for elevetor full up, neutral, and full down:
rudder neutrel, eilercns nsutral}; rudder fully deflected,
allerons neutral; rudder neutral, ailerons fully
deflected. . .

PRECISION

Inasmuch as the motion of the model during apin
tests was mostly very wandering and oscilletory, the
only precise date cobtained were .the number of turns the
model took to stop rotating after control reversal.
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Théss turrid are baliaved to be  the true modal vyalues
. wilthlin the following limitsg

t& turn when obtalned from fllm records

+; turn when obtained from visual obsarvation
These 1limits may have been exeeded somewhat for cases in
whlch the model was extremely difficult to test. Only
approximate values of retes of descent and ‘rotetion
could be obtalined,

The angles of trim of the model cbtained frqm the
longltudinal-trim tests are belleved to be within 1z0
of’ thelr true values.

A comparison of model and airplene spin results
(references 1 and 2) indicated that the spin-tunnel
results were not slways 1n complete agreement with the
full-scale alrplane results. In genercl, models spin
at a somewhat smeller angle of attack, at a somewhat
higher rete of descent, and with 5° to 10° more outward
sideslip. The compsrison mede in reference 2 showed
that 80 percent of the model recovery tests predicted
satisfactorily the corresponding full-zcale recoveries
and thet 10 percant overestlimated and 10 percent under-
estimated the full-scale recoverlies.

Bocause of limits of acouracy in ballasting the
models and becsuse of lnadvertent damage to the models
during the spln teats, the measured welght and mass dls-
tributlion of the model varied from the true scaled-down
values by the following limits:

Model ballasted Cor minimum flying welight conditlon .
(with pllot and landing gear)

Welght, percent . . ... + . . . . . « O low, 3 high

Center of gravity . .+ « . + & "o. Olc reerward to 0.05¢
' forward of normal

- Moments of J} . .

inertin,

percant.

e = & & = & & = e & e @ 1 10', 22 hig}l
IY- . e '- . .- l'. s @ o 'n s = s 21 '10‘", 1 1OW
\LIZ. e o 0 = * s s e .- . .n .o 7 high, 15 hish
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Model ballasted for fully loaded condition (with pilot
and landing gear)

Weighf, pereéent I . . . ¢ . . s b s s e s 2 low, 1 low
Center of ghavity . . « « . . : 0,056 rearward to 0.0l¢c
forward of normal

Moments Of le [ [ [ [] [ [ ] . L] - * = 5 hig}l-, 17 hig}l
inertia, [%!. R ¢« + 9 Ilow, 15 high

percen‘t IZ- . . . . . . . » . . . ® 8 higtl, 32 hi_gtl

The accuracy of measuring the weight and mass dis-
tribution of the model 1is believed to be within the
following limits:

weight, percent L L L L] L L L] L . . . .. . L ] . L ] L ] [ ] t1
Center-of-gravity 1ocation, percent T . « ¢ « o o - o Tl

Moments of inertlia, percent . . . . . . . . . « + - . 1

The controls were set wlth an .accuracy of &

TEST CONDITIONS

8pin tests were mada for the.model conditions given
In teble II. The mass characteristics and igpertia
perameters for the. possible loadings of the glider are
shown in table III. The values of the corresponding mass
characteristics and inertia parameters for the modela as
tested are presented in table IV. In addition, the
inertla parameters fer both the rnodels &nd glider are
plotted on filgure ly. The basic loadings tested were
the minimum flying welght with pllot and landing gear
and the fully loaded condition, with pllot and landing
gear. These loadings are hereln referred £ o as the
minlmum flying weight and the fully loaded conditionss

The maximum eontrol deflections ysed for spin =nd
tumbling tests weré:

Rudder . . « « + « # o s o « s « o o 25° right, 25° left
Blevator .+ ¢ « & o « 4 o s ¢ o s s o+ 5 .30°% up, 20° down
A11erons . + « « « « « » « o s o s o » 20°up, 15° down

sp oile I.'s s e e s 8 s = 90 up
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At the start of the spin tests the meximum down-
elevator travel was only 109, but subsequent to the
'longitudinal—trim teats the alevator-down deflection
was changed to 20°.. The naximum down-elevator travel
used for the teats 1s noted on each of the tables of
results.

Vsriations in mass distribution were investigated
in order to allow for the limits of accuracy of the’
oormputed glider and model values and also tp allow for
any reearrangement of loading which might lead to a
spinning condition in which a longér period of time 1s
required for »8covery after control reversel.

For the investigation of the effect of wing dlhedral
on the spinning characteristics of the model, the wing
dihedral wss increased fron 2° to 89.

The conditions tested for the longltudinal-trim
tests and tumbling tests are glven 1n tables V and VI,
resnectively.

RESULTS AND DISCUSSION

The results of the spln tests sre presented in
tables VII to XX. Results of right and left spins were
gulte simllar =nd results for right splns are arbl-
trarily presented (glider turning to pillot!s right).
Tlie results of the splin-recovery parachute tests are
rresented in table XXI, and the résults of the
longitudinal-trim tests -are- presented 1in table XXII.
Tables XXIII to XXV contein the tumbling test results.

Spin Tests ~ Minimum Plying Weight

Normal condition.- The results of the tests for the
minimum TlyIng welght condition with the spollers
neutral are presented in-table VII. When the controls
were set for the normal spinning conflguration (elevator
full up, allerons neutral, and rudder full with the
spin), a motion oscillatory in roll and pitch tbok place,
- wlth epproximately feur osclllatlons per turn of the.
gpin. Althqugh this motion resembled a wide radius
spiral, a definite condition of equllibrium appeared to
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be present. Reversal of the rudder stopped the rotation
in less than one turn, but the model remained in a
stalled glide.

Deflecting the allerons with the spin genersally
retarded recoverles slightly. Setting the allerons
against the spin was favorable in that the model would
not spin when the elevetors were neutral or down. When
launched with rotation into the tunnel for these latter
two conditlons, the. model oscillated violently and turned
over into &én inverted attitude. PFor the spins obtained,
the approximate average rate of descent was 120 feet per
second, full scale, and the approximate averege rate of
rotation was é revolution per second, full scale.

Similtaneous full reversel of the rudder snd ele-
vators for all elevator-up spins resulted 1in rapid
recoveries 1n which the model went into a steep dive and
then over onto 1its back.

Extenslon of the spoilers generally decremsed the
osclllaetlions and csused the model to atop, rotaeting, even
when the rudder was full with the spin (table VIII).

When the elevators were up, however, the model remained
In 8 stslled glide sfter the rotatlon ceamsed; reversal

of the elevetors from full up to full down after rotation
had ceased ceaused the model to go into & steep dive.

When the elevetors were down, e spln could be obtalned
from which a rspid recovery was effected by full rudder
reversal.

The results of tests of the model simulating the
condition in which the landing gear hLas been Jettisoned
are presented 1n table IX.

These resulta, when compared with those wlth the
landing gear installed, show a slight adverse effect on
the svin end recovery characteristicﬂ of Jettisoning the
landing gear.

There was little effect of Increasing the wing
dihedral from 2° to 8° (results in table X).

Maess varietions,- The results of tests with rioderate
mass varlatlens (Iy and Iy decreased 20 percent Iy,

and Iy incressed 17 percent Iy from the normal minimum
flying welght condition) are presented in tables XI
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end XII. These results are somewhat similar to those
obtained with the model in the normal minlmum flying

-welght. condition,ﬂ.After being launched in s spinning

attitude, the model usually went into a flat stalled:
attitude, oscillatory about all three axes sometimes
with rotation about the vertical spinning axis and some-
times with little or npo rotation about the vertical -
exis. The rotatlion was stopped by rapid rudder reversal,
but the model remalned in a stelled glide whén the ele-
vators were up or neutral., Results of longltudinal-trim
tests indicated that movement of the elevator to the
full-down position {20°) after rotatlon had ceased

would have- undoubtedly pitchﬂd tke model into & steep
dive.

Center-of-gravity movements.,~- When the center-of-
gravily locatlon was 5 percent of the mean mserodynamlc
chord rearward of normal (table XIII), the spin end
recovery characteriatics were similar to those with
normal center-cf-gravity positions, except that when
the elevators were only 10° down, the model remalned in
e stalled glide after rudder reversal. The longltudinel-
trim tests indlcated that the wmodel would recover from
this stalled glide if the elevatora were moved 20° down.

When the center of gravity was moved 5 percent of
the mean asrodynamlc chord forwerd of normal (table XIV),
the spins were osclllatory end relatively steep when the
elevators were neutral or down, but recoverles by rudder
reverael were , unsstisfactory. The ateep attitude of
these splns apparently made the rudder inseffective
because of shlelding of the rudder by the wings -and for
this reason it is not considered advisable to spln the
glider with the center of grevity forwsrd of normal.
Recovery may be effected 1lh thls loading by holding the
elevators full up, reversing the rudder tb stop rotation,
and efter the rotetion has stopped, fully reversing the
elevator to dive out of the stalled glide.

Inverted splns.- The results of the 1lnverted apin
teata. ere presented 1n table XV. For inverted splns,
the designations of the control configurations are
different from those used for erect spins. "“Controls
together" means that when the right rudder pedal .is
ferward the stick is to the pilotts right, snd "controls
crossed” meens that when the right rudder pedel is
forward the stick 1s to the pilot!s left. Wwhen the
controls asre together in an inverted apin, the allerons




12 MR No. LS5K21

oppose the rolling motion; when the controls are crossed,
the ailerons aid the rolling motion. The model would
spin only with the controls crossed and the stick for-
ward for the developed spin. Rapld full rudder reversal
stopped the spinning rotation; the model, however,
remained in a flat inverted position. l'ovement of the
‘8tick full back would pitch the glider from this flatb
inverted glide, but results indlcate that care should be
exercised to avoid entering an erect spin when the atick
1s moved full back. For the other control configurations,
the ‘'model motion waa very oecilletory and the model went
Intc an inverted glide or dive with stick forward and
Into an erect position with stick neutral and back even
though the rudder was held full with the spiln.

Spin Testa’ - Pully Loaded

The results of tests of the model in the fully
loaded condition are presented in tablea XVI to XX. In
general, the results were gulte simllar to those of the
model in the minimum flylng weight conditlon for both
- erect and lnverted spins. :

Spin-~Recovery Parachute Tests

The results of testa te¢ determine the optimum size
of, and towllne length for, spin-recovery tall parachutes
(table XXI) indicate that a L.5-foot {(flat circular) tail
parachute with a 27-foet towline will preduce satis-
factory recoveries for the minimum flyling welght con-
ditlon. A 7.5-foct diameter tall parachute with 27-feot
towline will be satlsfsctory for the fully loaded con-
dition. These results are based on tests with ailk
parachutea having a drag coefficient of approximately 0.7.

Longitudinal-Trim Tests

The results of the longitudinsl-trim tests of the
model presented 1n table XXIT appesar to be in goci agree-
ment with the results of the apin tests. When the center
ef gravity was at the normal locatlon (1l percent M.A.C.)
the mocdel trimmed conly at positive sngles of attack when
the elevators were full up and only at nagative angles
of attack when the elevators were down 10%. However,
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when the elevators were only T%? down, the model

“trimmed at both negative and- positlve anglea of attack,
and from the results it appeared that a down-~elevator

" ‘setting of 10° was barely.enough to prevent trim con-
dltions at a positive angle of attack. Trim in the
normsl flight range of angles ol attack could not be
obtained with the elevators neutral. Briel force tests
in the Langley free-Ilight tunnel indicated that the-
spin-tunnel model would trim 1in the normal flight range
of angles of attack only with small down-elevator settings.
The results of the Langley free-flight tunnel tests and
results of Wright Fleld teats 1n their 5-foot tunnel are
compared in figure 5, The free-flight tumnnel tests
showed an earlier stall end an upward shift of the
pltching-moment curves 1n the positive directlon, and
indiceted thet ameall elevator-down deflections were
needed for trim in the normal flight range. Addltlonal
longltudinal trim teats with small elevator-down settlings
showed thils tendency to trim in the normel flight range
for the spin-tunnel model.

The vnoaltion of the spollers and dlasposltion of the
landing geer had no effect on the general trlimming .
charecteristics of the model with the center of gravity
located at 1l percent of the mean serodynamic chord.

WWhen the center of gravity was located at 19 percent
of the mean aerodynamic chord and the landing gear was
off, the results indicete that -more than 20° of down
elevator 1s necessery 1in order to prevent the mcdel from
trimning at reletively large poasltive angles of attack
fer thils condltion. Otherwise, the results of the trim
tests with the center of .gravity moved rearward of normal
were very simllar to those with the center of gravity at the
normal locetlon.’

Tumbling Tests

¥inimum flying weiE%t condition.~ The resulta of
the tumbling tests In whic e model was released with-
out 1nitlel rotatlion from a nose-up position to similate
a whip-stall condition are presented in table XXIII.
The model did not tumble for any control configuration,
but executed s series of extreme ocsclllations in pitch
during which the model would pitch through almost *180°
measured from the nose~down attitude. An attempt was
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mede, by means of the fi1lm records of these tests, to

~ determine if these osclillatlons demped out. No damping
effect could be observed in the short distance the model

hed to gell before hitting the safety net (approximately

12 feet

The results of the tumbling tesats in which the
model was glven initial rotatlon. about the wing axis are
presented 1n table XXIV. For all condltions tested, the
model continyed to tumble 1in e positive (nose up)
direction when the elevators were up and in the negetive
(nose down) direction when the selevators were down. The
nodel stopped tumbling, however, when the elevators were
set ageinst the pltching motion. . With the elevsetors
neutral, the model continued to tumble in either dlrection
when the landlng gesr wes on and the spollers were
retracted when the center of gravity was normal or 5 per-
cent of the mean eserodynamic chord rearwsrd of normal.
.For the ndrmel center-of-gravity location, when the
" landing geer was on and the spolleras were extended, the
model would tumble in the negative direction with the
elevators neutral. §Simllarly, the model would tumble in
the negative direction with neutral elevator when the
landing gear was off and the spoilers were closed. When
the center of grevity was 5 percent of the mean aero-~
dynamic chord fqrwerd of normal, however, the model
wculd net tumble with elevators neutral.

Fully loaded condltlon.-~ The results of tumbling
tests o Tie model In the fully loaded condition are
presented in teble XXV. For these tests, the model was
‘glven Initial rotation about the wing axis. The model
stopped tumbling when the elevators were -set agalnst the
rotation, but .generally, continued to tumble for ether
elevator positions. The results obtalned were generally
3imilar to those obtalned with the model in the minimum
flying welght condition (with pllot and landing gear).

CONCLUSIONS

Besed on the results of teasts of > 18—scale mode ls

" of the XFG-1 glider; the following concluslons regarding

-
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tlie 'spin and recovery -and tumbling ¢haracteristlics of
the glider at a test altitude of 15,000 feet have been .
made 2

l, The motion of the glider 1n-a apin will be
osglllatory about all three axes. The rotatlon can be
terminated satisfaotorlly by reversing the rudder, .but
thg elevstor must alsc .be moved to a down position of
20° to insure nosing down from the stalled attitude. .
care should be exeroised by the pllot, however, in order
to aveld entering an inveried spin.

2. Extending the spollers will decrease the
osclllations end ceause the glider to stop rotating when
the ‘elevators aere up or neutral even ir the rudder is
held ‘full with the spin.

3. Jettisoning the landing gsar or moving the
center of gravity 5 percent of the mean aerodynamilc
chord forward or reasrward of normal will have an adverse
éffect on,recovery Qharaoteristics.'

li. Tncreasing the wing dihedral ‘or verying the
mass distribution moderately will have no appreclable
effect on the spin and recovery characteristics.

5« Tne glider will spin inverted only when the
stlok 18 forward. The rotation can be stopped satla-
factorlily by reversing the rudder, but the stlck must
be moved back to insure nosing out of the astalled
inverted position. Care sheuld be taken to avold
en:;ring,an erect spin when the stick 1s moved full
baack,

6., A h.5<foot diameter silk parashute with a
27~-Taot towline for the minimum flying weight cenditilon, '
arid a T.5~foot dlameter silk parachute with a 27-foet
towline for the fully loaded condition will give satis-
faotory racoverles by parachute actlon alone.
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4 The igilder w111 tumble, but the tumbling motioi
canh:abatcppe by defleéting the elevators against the
rotatisn, .

Langley . Memorial Aeronautical Laboratory :
National Advisory Committee for Asronautlcs
Langley Pield, Va. = )

- NOES

l. Zimmerman, G. Ho= . Prelimimry Teats in the N,A.C.A,.
Free=-Spinning Wind Tunnel. NACA Rep. No. 557, -

1936,

2. Seldman, Oscar, ani Nelhouse, A. I.: <TComparison of
_Free-Spinning Wind-Tunnel Results with Corre=
sponding Full-S3cale Spin Results.  NACA MR,

Dec. 7, 1938.




MR No.
TABLE I
DINENSIONAL CHARACTERISTICS OF THE
CORNELIUS XFG-1 FUEL GLIDER

Wing ﬂpan, ft * . . [
Iength over all' rt - L] L L] L [ ] L] L L] L L L L L L]

Wing:

Area, B8g. £t o o« ¢ o o ¢ o o ¢ o v o 0 o 0 v .
Incidence, deg

Root [ ] [ ] [ ] - [] [ ] [ ] [ ] [ ] [] L] . [ ] [ ] [ ] L] [ ] [] L] -

Tip L ] L] - L] L] L L ] L ] - L ] - L ] » L L ] L - » L] L]
Aspect ratio « + + « e % v 8 & e & s = &
Dlhedral (varisable) along

quarter chord, deg. « . .« . « o s + o ¢ =«
Sweepforwerd at quarter chord, deg « « « '« « =
Mean aerodynamic chord, Ine. « « « o« o « & o &

Allerons (unbelanced):
Area, Sq ft - . [ ] - . . L] . - . [] . [ ] . l. . ..

span, in. L) L] (] (] L] - L) L) . L] L] ] L] . e

Chord (rearward cf hinge line),

rercent wing chord. .« . ¢ « ¢ ¢ ¢ o+ o o « &
Elevator:
M‘ea’ Bq ft [ ] - L] L] L] L] L] L] - L] - L] L] - L] - -
Span, in,, . '« -« v oe e e m e s

Chord (resrward of hinge line),
percent wing chord. . « « o« ¢ = o o o =« o =«

Vertlical tall: .
Area q ft L] L] » L - L L L] L L L] L ] L L]
Span (from ¢ of glider), Ne s o s o o o & v o

Rudder erea, sq ft . « . « ¢ ¢ o « o « « o« o &

L5K21

n
D
o AN
=

43.5
. 125

. 19.4
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TAELE II

SPIX TEST COHDITIONS FOR THE 1 .SCALE

NATIONAL ADVISORY 17.8
COMMITTEE FOR AEROYAUTICS VODEL OF TEE XI'G-1 GLIDER
No. Loading Mass variation rending Spoilers | Modification | TyPe of Data an
' gear spin table
1 | Minimum flying Nane On Heutral fHone Erect ¥II1
, weight ’ :
2 | mewmuegommmmnn [ cmmmmaaaa Y ~~~=do==-~ | Extended | -=--- do==w=- --=do--- VIII
3] e do==wase | amwacaaaa do=s==—=—=- Jettisoned Neutral | ===-== do~==m=- ——=dQ-—- IX
L | ==ema- do=--=== Ix and Iy decreased On —==dg=== | ==—==do-=~=- s edQm—- X
20 percent of Iy e .
5 | emmem- doam=m-x Iy and Iy increased —m=wdQua=s | —=edom== } ~ev-= domm—m- ===dQ==- XI
17 percent of Iy
§ | memman do==m==n- cioge rearward 5 per- | «-—-edgee=as | eaccdge=e | acoe- do==——- ===d Q=== XIr
. cent of FM.A.C.
T | wmccaa do====m- c.g. forward 5 per- mm=aOm=ma | 2=adpeme | ccc=- do===~= mmadp-=- XIII
cent of M.A.C. . :
R dgamwam= None m===do==== | ==adge== | —m-a- do=-==~- Inverted Xiv
s T R T dowamssmame { camudoee=~ | =-=do--- | Wing dihedral Brect xv
changed from
2%%0 8°
10 | ====== dO====== | mmmecac—a dom=am—an=a ~=~edomwm= | ===do=-=- Spin-recovery | ~==dg-e= X1
parachutes
11 Full load | =====a--- dom==mmame wmmailemee | waedge-- ~ Home ~==dOo=== i
12 | aeamm- d0mma-m= | —=mcmaaa- domsmmmmmam --==do-=-- | Bxtended | ==--—- T --=do-== | XVII
13 | ~ew=-- do==wmnc | ceacraaa— P Jettisoned | Heutral | «=--a do===== ---do--- IVITI
1T PR domm=amn c.g. forward 5 per- on —-=dp=== | —sw=adpm==== e XIX
cent of M.A.C.
15 | ====-- do-rem-- None ====d0==s= | ===do=~s | smee- do=wmea Inverted b0 4
16 | -—=--= dom==eamm | —emmnaaaa Qommmm————— —e==dQ==ae | ~==do=-=- Spin-recovery | Erect xXI
h narachutes
17 | ==w=—— do-=—=-= ¢.ge rearward 5 per= | «——<do--ae | —a=doe-= | «ua-- SLELEP ~==dg==- X1
cent of M,A.C,

TSHGT "oN ¥



TABLE

III.- WEIGHTS, CENTER=-OF-GRAVITY LOGATIONS,

FOR VARIOUS LOADINGS PCSSIBLE ON THE XFG=l GLIDER

ARD MOMENTS OF INERTIA

Center-of= Moments of hoat W at
4108ding welight gravity inertis 15,000 sea Hass parsmstera
{ab) location {slug=ft¥) ft level
T | /T Iy | Iy | Iz o Sl Ty~ Iz 2o X
mb@ b2 b

luinlmum fiying

welght with

iiot end

landing gear | 3881.2( 0.2 [-0.051{ 5139 | ks | 8775 | L.20 | 2.65 |19.7 x 1074 | -122.7 x 10°% | 103.0 x 207

inimum {lying

welght with

pllot snd 25

gallons of -l =l =k

gesoline 2599.3 | .16 | ~.087 | 4798 | hhz6 | 8635 | 2.85 2.45 | 11.1 x 10 -128.6 x 10 117.5 x 10
5I[inimun tlying

weight without <l =i -l
5 Pilot 3681.21 .19 | -.055[5133| L1321 | 8455 | 3.96 [ 2.49 | 30.1 x 1077 | -130.1 x 10 99.9 x 10
Full loesd with

pllot and -l -l =l
L landing geer 7997.2 | .14 | -.0221 5387 ) L4935 | 9253 | 8.é1 5.43 6.3 x 10 -59.7 x 10 3.5 x 10
Pull lozd with-

out pilot snd =4 =i -l
6 landing gear 7782.21 .19 | -.036 | L4905 ] L329 | 8505 | 8.40 5.30 8.2 x 10 =59.2 x 10 51.0 x 10
Full load with '

pllet, without -h < <l

landing gesr | 7602.2{ .13 | -.033 {5293 Lalo] 929! 8.19 | 5.6 | 6.6 x 10 ~6li.1 x 10 575 x 10

& gumbers correspond to mumbered points on flgure L.

NATIONAL ADVISORY
COEMITTEE FOR AERONAUTICS

*ON YW
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MR No. LSKZ1

TASLE IV.~ FULL-SCALE VALDES OF THE WEIOHTS, GENTER-OF-ORAV1TY LOCAT1ONS,
AND MOMENTS OF 1¥ERTIA FOR THE LOADINGS TESTED ON THE XFG-1 MODEL

center=of-’ Moments of p oat poat
®rosding Walght gravity imrtis 15,000 voe MNass paramsters
{1b) locetion (mlug=Tt=) It Levsl
vElwe | | ] 1 ' Yol %
2 2 2
Ltniwun flying mb L] Ll
welght with
pilot snd

lending gear 286 | 0,1 | =0.052 | 5084 | 4Z69| 9365 | L4.13 2.61 | 20.3 x 107l =143.5 x 1o'h 123,2 % w0k
2yinioun rlying
welght with
pilot, lenaing
goar Jettia-
nooed A507 12| =035 | 4789 | Lars| 9096 | 3.79 2,38 § 16,2 x 10
inioum Tlying
welght with
pilot and
lenaing gear
(c.B. rearward

5 parcent MAC.)| 3846 .19 | =.052[ 50844 38441 680 [ L.13 2,61 35.6:10"4 =135

5r:l'i.x:mn.l:l.m flyipg
walght with
pilot ond
lending gear
{c.g. Torward -
5 percent M.A.C.§ 3846 09| =.05275084 | 4B6L| 9860 | L.1% 2.51 6.3 x 10
SMintmum rlying
walght with
pilot and
1md1n§ zoer
(I, & in-
apeeasd 17.2 -
percent of Iy ook 1 .My =-.058| 5941 4369 | 10222 | 4.30 2.71 | 3.3 x 10 =161.3 x 1o
Minimum flying
walght eith
pilot sad
lending geer
(I & I, da-
creesed 20 N 4
percent of [y 3890 Uy | omeme | BO6O)| 4369 B340 | L.20 2.65 | =8.7 » 107* | -112.5 x« 10 121.2 = 10'1‘
ull iowed with
pilot wmad 4
landing gear 7886 A | -.010] 5564 | 47381 lozol | B.51 5,35 { 13,0 x 10
2pull iced with
pilot, lending
genr Jettl- - N 'll-
soned 7547 12| =023 5384 | 4655t 9930 | B.13 5:11 | 10.7 = 10 =77.k x 10 66.7 x 10
3pull loed with
pitot snd
landing gear
(¢« forward N
5 percent wAs) | 7686 08| =.010] 5664 | 5738 | 11205 | B.51 5.35 | =1.0 x 10

=152.0 x m‘lL 125.8 x 1074

10°%] 107.9 x 1074

-u3.5 » 1074 [ 137,z x 10°b

[ 118.0 » lﬂ-k

=76.6 x 10‘1* 62,6 x 1074

=76.6 = 10

7.6 x 10‘2*J

*umbere correspend to nmusbersd polnta on figure ).

NATIONAL ADVISORY
COMM1TTER FOR ARRONAUTICS



TABLE V

i

R

LONGITUDINAL-TRIE TEST COKDITIONS OWN

1
17.8

THL

-SCALE MCDEL QOF TES XFG-1 GLIDER

No.

LHKal

Center-of-gravity
No. location Landing | Speilers Data en
percent N.A.C. gear I  tabls
1 1l on Weutral KXIT
2 1y -——-do==-=-- | Extanded
iy Jettisoned | Heutral
E il ~----80---- | Gxtendsd
5 14 On Meutral
& 19 ——m=do-e-~ mxtended
g 19 Jettisconed Meutral
19 ————do~==- Extended hVd
NATICNAL ADVISORY

COMMITIEE ¥OR ASROITAUTICS




TARLE

IT

TUMBLIRG TEST COUDITICORS OF THE T¥LF—SCALE

MODEL (OF THZ

XFG-1 GLIDER

No. TLoading Mass veriation Landinz gesr | Snpollers Data on table
1 | Minimun flying Hone on Jeutral XXTTIT & XXIV
welght
2 | =m—me-- dommmmm= | —mmmmmm—e sl Jettisonad -==do~=-- KEIV
3 | —mmmme Aommme== | ==mmmmnmm- o Oon Extended
ﬁ ------ do-—=rmm-- C.ge Yorward 5 per- | «--== do===== Heutral
cent of M.A.C.
5 | =mmmea Agmem—- - c.8. rearward 5 ner- | -----do----- ---do---
cent of M.A.C.
6 Full lead None | === s 1o [T R, S XKV
— e - . _— —

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE VII.- RESULTS OF SPIN TESTS OF A T%LE-SCALE MODEL OF THE XFG-1 GLIDER
*

IN THE MINIMOM FLYING WEIGHT CONDITION WITH SPCILER3 NEUTRAL

Eodol launched srect with spinning rotation, rudder full right; indiceted controle ravoruad]

Elsvator
eotting

Alleron
setting

Deacription of model
motion (Leforse
contrel reversal)

Flight path
{after full
rudder revarsal)

Flight path
{efter simultansona
full reversal of
rudder sand elesvetor}

Plight psth -
{alfter slevator
reverasl)

Pull up

Dosmm-

Dom===

Keutrel

Domwas

Dorene

Down_ (109)

Gmm=-

Dom==m

Full against

Neutral

Full with

Full egainst

Neutrel

Full with

Full sgeinet
Neutral

Full with

Extremaly oscile
letory; altarnate
rolling end yewing
motion

Very oacillatory,
inner wing dropped
and medel yawed
into spin

Extremely oscll-
latory; alternate
rolling and yawing
motion

Pitched and rollad
ohto back; went
into left epin
whan launchad with
rudder sgainst
rotation

Very oscillatory,
innar wing dropped
and model yawed
into apin

- .- ———

Pitehad Into dive

Extremesly cacil-
letory; slternate
relling snd yewing
metlone

R T Y T o, |, Py

Made from 1/l to
3/L of @ turn
and went into
stelled glide

Mada from 174 to
1/2 of & turn
and went intec
stalled glide

Mede 1/4 of =
turn and want
into & stallad
glide

Made 1/L of e
turn and went
Inte stalled
glide

Mada 1/4 to 1
turn and went
Inte stallaed
glide

Would probably
have gone on
1te back after

approx. l% turne

Nade 1/2 of & turn
and rolled con

back

Mede from 1/ to 1/2
of a turn and went
intc atsap glide
or dive

Made 1/h of & turn
and went into
steep gllde or
inverted spin

Made 1/ of & tumn
and weot into
dive

Mede 1/ of e
turn end went
into steep
glide or dive

Meds frem 1/ to
l turn and went
into steep
glide or dive

¥ade from 174 to
1/2 of & turn
and went Into
stesp glide or
dlve

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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RESULTS OF SPIN T

BST3 OF 4 1L

17.8

-SCALE MODEL CF TUE XFG-1 GLIDER

IN THE MINIMUM FLYI®G WalIGrT CONDITICH WITE 3PQOILERS EXTENDED

{Model launched erect with: spinning rotation,
rudder full right; indicated controls reversed]

Descrintion of model
Elevator Aileron notion {(before
setting setting control reverssl)
Full up Full against Stallsd glide
] Do---- Neutral | --------- de==mmmm——-
Do==wm Tull with @) —ececen-- S et
Feutral Full against | --------- dommmm——m--
Do==~- Neutral — | —-ceemee-a o= ————
. Do===-- Full with | =====ce--- do====-===-
Dewn (10°) |TFull against Pitched into dive
Do===-- Neutral Extremely osecil-
latory, alternste
rolling esnd vawing
motion
Do==-- Full with | —cceca-a-- do---=------

Flight path
I (after full rud-
| der reversal)

Flight path
{after full ele-

4 = m——

vator reversal)

-t - - -

Went into steep
dive

Went into erect
spin or
inverted dive

| made 1/ turn
¢ and pitched
| Into a dive

—— -

NATTIONAL ADVISORY
COMMITTEE FOR AERQONAUTICS
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RESULTS OF SPIN TESTS OF

TABLE IX
1

A -SCALE HODAL T XPG-1 GLIDER IN
93~SCALE HODZL OF THE X GLIDER IN THE

HINIMOM PLYING WEIGHT CONDITION WITH THE LANDING GEAR JETTISONED

Bpoilers neutral: model launched erect with spinail

rudder full right;

ng rotation,

rudder reversal from full risht to full left]

Elevator
setting

Alleron
setting

Full up (30°)

Do____-h__

Ffull against

Neutral
Full with
Full esgainst
Neutral
Full with
Full asgainst
Neutral

Tull with

pezcription of model motion
(before rudder reversal)

Flight path
(after rudder reversal)

Periodically pitcihied from a
flgt to a steep attitude

Stelled glide, extremely
oscillatory in roll
8pin vsry osciilatory in

roll and pitch

Rolled and pitched on baeck
Stalled glide, very oscil-
lstory in roll

Rolled and yawed into dive
or onto back

Stalled glide, very oscil-
latery in yaw and piteh
Stelled glide

Steep glide, extremely
030111ator3 in roll
and pitch

Same as before
reverseal

Made 1/2 of a turn
and went into
‘stalled glide

Rolled into dive

Same as before
reversal

Stalled glide, ex-
tremely cscillatory
in roll

Stalled glide

NATIONAL ADVISORY
COMMITTZE ®O0R ASRONAUTICS
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TABLE X

RESULTS OF SPIN TZSTS Of A 1 ~3CALE MODEL OF THE XFG~-1 GLIDER

IN THE WMINIMCH FLYIRNG WEIGHT COMDITION WITH IKCREZASZED WING DIHEDRAL

[Spoilers neutral; wing dihedral increassd to 8°; model
launched ersct with spimning rotatioa, rudder full right;
rudder reversal from full right to full left)

Elevator Aileron Description of model wmotlcn Flight path
setting setting (before rudder reverseal) (after rudder reversal)
Full up Full with Stelled spiral glide Straight stalled glide

approximately 1
turn after reverssal

Do---~- Neutral | -~=----memeee dO==~mmm e Do.
Do---- Full ezgainst | ~-=w-mmemee- do=rmm Do.
Neutral FPull with Wandering, wide radius spin Stalled glide lﬁ turns

arter reversal

Do~-=~ Neutral | ——;e—me—eee- e Stalled glide 3/L turn
after reversal

De---- | Full against | ------rew-u- R Stelled glide 1/2 turn
after reversal

Full down full with Spin very oscillatory in Same as before reversal
(209) pitch and vaw (made

approximately 1 turn in
flat attitude and 2 in
steep ettitude, then
repeated)

NATICNAL ADVISORY
COMMITTEE FOR AsRONAUTICS
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TABLE X - Concluded

RESULTS OF SPIN TZ3TS OF A 18—SCALE
MODEL OF THE XFPG-1 GLIDER =-Concluded
Elevator Alleron Description of model motlon Flight path
setting setting {before rudder reversal) (after rudder reversal)
Full down Neutral | Steep spin Went into inverted
{200) stalled glide approxi-
mately h% turns after
reversal
Do-~-~ | Full ageinst | Went inverted

—— -

NATIONAL ADVISORY
COMMITTEE FOR AZRONAUTICS
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TABLE XI

RESULTS OF SPIN TESTS OF A T?Lg—SCALE HCDEL OF THE XFG-1 GLIDER IN THE

MINIMUM FLYING WEIGHT CONDITION WITH MASS HETRACTED LATERALLY

Iy and I, decreased 20 percent of Iy from normal; spoilers neutral'

model launched erect with spinning rotation, rudder full rlght
rudder reversal from full right to full left]

Elevator Aileron Dezcription of model motion Flight path
setting setting (before rudder reversal) | (efter rudder reversal)
Full up Full against 3talled glide, extremely talled glide, very
oscilietory in roll, oscillatory in roll;
piteh, and yaw rotation stopped in
1 turn -
po~-=-= |, Neutral | =----------- dom==remmmeana" Stalled glide, extremely

osclllatory in roll;

rotetion stopped in
2/l of a turn

DOwmmw Full with Stalled glide, extremely Same as before reversal
oscillatory in roll
Neutral Full agaeinst | -—-ccecceee-- dOo=-mmwmmmamn—. Do.
Do=mm= Neutral Steep dive Stalled glide, very
oscillatory in roll
DOu=ma Full with Stalled glide Same as bafore reversal
full down Full against Model yawed and pitched Do.
{10°) into steep dive
Do==-- Neutral Steep glide, very oscil- Stalled glide
latory in rcli
DO==wn Full with Stalled glide, sometimes tiodel went into dive
- dived into inverted
pogition

NATIONAT ADVISORY COMNITTEZIE FCOR AERONAUTICS
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TABLE XII

RESULTS OF SPIN TEST3 CF A ]'S-SCALE MODEL OF THE X¥3-1 GLIDER
17
IN THE MINIMUM FLYING WEIGHT CONDITICH WITH MASS EXTEFDED LATERALLY

=

ﬁ- and I inereased 17 percent of IK frowm normal; spoilsrs neutral;

model launched erect with spinning rotation, rudder full right;
rudder reversal from full right to full left]

Elevator Aileron Descrintion of model motion Flight path
setting setting (nefore rudder reversal) (after rudder reversal)
Full up Full against { Stslled glide, extremely Stalled glide, very
(30°) oscillatory in roll, ogeillatory in roll
vaw, and pitch
Do==—== Neutral | ========-w-- do=mammmmm— - Do.
Do==n= Full with | ====e==e=——- dommmmmm = Do.
Heutral FPull against ilodel rolled and yawed into Same as before reversal
, steep dive :
DO====~ Neutral Moderately steep spin, very Made l%-turns and went
oscillatory in roll
) into steep stalled
glide
Do=m=== Mall with Stalled glids, yawed and Stalled glide.
banked
Full down | Full against Rolled and yawed into Dive
(10°) steasp dive
Do==~= Neutral very oscillatory e2pin, Wade more than 1 turn
: whipping mo stion in roll end went into dive
and yaw
DO-=v= Full with s f R T I R

NATIONAL ADVISORY

COMMITTEE I"OR ASRONAUTICS
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RESULTS OF SPIN TESTS

TABLE XITI

17.8

» A _ L __3cALR ¥ODIL OF THE XFG-1 GLIDER

IN THE MINIMUM PLYING WBIGHT CO%DITION WITH THE CENTZR OF GRAVITY
HOVED 5 PERCENT REARWARD OF KORHMAL

{3poilers neutral; model lesunched erect with spinning rotation,
rudder full right; rudder reversal from full right to full 1ef€l

1

Flight psth

Alevator Allernn Descrintion of model motion {after rudder
setting setting (befere rudder reversal) reversal}
Full up Full against Viclently oscillatory in roll, | = =~-=a=--
yaw, and pitch
Do==m==—— Neutral Stalled glide, very oscillatory —m—mm—-
in roll and yaw
DO====~== Full with Stalled glide, very oscillatory |  ~=-w-r=
in roll
Neutral Full sgainst Pitched and rolled onto back = | = -—===---
DOow=mwman Neutral Stalled glide, very oscillatory |  ====-~=
in roll, sometimes rolled
onto back
Do-=~=~==~- Full with Stalled glide, very escillatory | 2 =====--
in roll
Full down (109) FPull sagainst Relled and nitched onto back | @ —--ee--
Do======- Neutrzl Rolled aznd piltched inte = | —~weea--
vertical or inverted position
| o IR —— Full with Stalied glide, slightly | = —eeeee=

oscillatory in roll

NATIONAL. ADVISORY
COMMITTER FOR AERONAUTICS
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TABLE XIV

RESULTS OF SPIN TESTS OF A i%Lg—SCALE HODEL OF THE XFG-1 GLIDER

_ IX THE MINIMUM FLYING WEIGHT CONDITION WITH THE CENTER OF GRAVITY

MOVED 5 PERCENT FORWARD OF NORMAL

[Eodel launched erect with spinning rctation, rudder
full right; rudder reversal from full right to full left]

Blevator

Alleron Description of model motion Flight path
setting setting (bzfore rudder reverssal) (after rudder reversal)
Full up Tull against 3telled glide Stelled glide, oscil-

(30°) latory in roil
Domm=w Neutral | ==---=-=---- do==mrmmmmmamn - { Same 23 bhefore reversal
Do~m - Full with | —====eeeeea- do==m=reme e Dive or stalled glide
Keutral “Full agzainst Steep wandering and very Same as hefore reversal
oscillatory spin with
whip
DGm===~ Neutral | eeec=—ccca---- dome=~= “mmam——— Went into a steep dive’
- in greater than
lﬁ turns
Do==-=- Full with | =—=e====c~e== do==w=nmmmemme= | ameeaaa
Full gcwn Full ageinst { Steep spin, exiremely
(107) wandsring and oscillatory { Same as before reversel
DOm~~ ¥eutral 3teep wandering and oscil- Wont Into inverted dive
latory spin with whip
Do==-- Pull with | ==--;-—meee—ee do======-m- -————

Same

88 pefore reversal

NATIOWAL ADVISORY

COMMYITTZEE FOR AZRONAUTICS
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TABLE X

RESULTS OF INVERTED SPIY Tea3TS OF A T%LE-SGALE HODEL

OF THE XPFG-1 GLIDER IN THE HINIMUM PLYING WEIGHT SONDITION

]époilers neutral; model launched inverted with spinning

rotation, rudder full to pileot's right; rudder reversal
from full to pilotts right to full to pilotts lefl]

Elevator Aileron Descrirtion of model motion lFlight path
setting setting (before rudder rsversal) (after rudder reversal)
Stick full | Stick full | Inverted glide oscillatory ¥Made 1/ of a turn and
forward right in vaw glided 1lnverted
{controls
together) f
Do~==- | Stiek Very oscillatory in yaw, Made 1/L of a turn and
neutral pitched into erect dived inverted
pesition
Do==== Stick full Spin very osclllatory in Do.
left roll and yaw
{controls
crossed)
Stick Stick full Qscillatory, plitched into Made l/h of 2 turn and
neutral right erect stalled glide dived intc erect
{controls pesition
togethar) :
1

Rudder reversed while model was in flat attitude due to launching rotaticn
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TARIE XV - Concluded

RESULTS OF INVERTED 3PIN TESTS - Concluded

Elevator Aileron Description of model motion lFlight path
setting setting (before rudder reversal) (after rudder reversal)
Stick Stick Oscillatory, vitecred into ymade 1/t of a turn and
neutral neutral arect vosition: erect went into erect
stalled glide once stalled glide
Doy=——— Stick full Oscilletory, pitched into ¥Made 1/L of & turn and
left erect position dived inverted
{controls _
crossed) '
Stick full | stick full | Oscillatory, pitched into wade from 1/4 to 1/2 of
back right erect stalled glide a8 turn and dived into
{controls ersct stalled glide:
together)
Do-=--- | Stick = | —cemeaeaooa- dO===—=mmmmmmaa Made 1/2 of & turn and
neutral dived into erect
position
Do-=-=~ Stick full | -----wceaaaaa do====cmmmmmm e ~ Do.
left
{controls
crossed)

1

Rudder reversed while model was in flat attitude due to launching rotation

NATIONAL ADVISORY
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@poilers neutral;

OF THE XFG-1 GLIDER IN THE FULLY LOADED CONDITION

TABLE XVI

RESULTS OF SPIN TESTS OF A-—;Lé-SCALE MODEL

*

model launched erect with spinning rotation, rudder

full right; rudder reversal from full right to full 1ef€]

BElevator Alleron Description of model motion Flight path
setting setting (before rudder reversal) (after rudder reversal)
Full up Full with Stalled spiral glide cm—emm——
Do==w= Neutral Stalled glide -
Doww-= Full against | =e=e--ce=-=a do=wmemmmna—a- ———————
Neutral Full with Spiral dive —-———
Do Neutral Made 1/2 turn, dived a Same as before reversal
short distence; motion
is repeated :
Domw== Full sgainst | Very oscillatory with wide Made 1/} turn and
radius; might be spin glided (moderately
or spiral glide ateep)
Full down Full with Wandering spin with large Made 1 to Z5 turns end
0 pitehing oscillations;
(20%) yery steen :gggsinto inverted
Dom——m Noutral | =—=w=—=- LD s [ EEEE T | Same as before reversal
Do==== | Full against ——————

Pitched into inverted spin

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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RESULTS 0Off SPIU

TARBLE XVII

TESTS OF A —L _80ALZ MODEL OF THE XFG-1 GLIDZR

17.8

IN THE FULLY LOADED CONDITION WITH SPOILERS EXTENDED

_Gﬁodel launched ersct with spilnning rotation, rudder
full right; reversal from full right to full left]

Blevator Alleron Description cf model motion Flight path
setting getting (balfore rudder ravsrsel) {alfter rudder reversel)
Full up Full with Spirsl glide 1 aeamaea

DOo~=== Meutral | -a=--~ ——————— do=—==rmemwmmmeee | mmmeee-

Do---- | Full sgainst | --=-----we-- do===m=mmmeemm= | emeewa-

Neutral Full with | ~e-e-mee———- do==mmmm————m—— Same as before reversal

DO====- Weutral | w-----m----- dom~===mmem—mnm Do.

Do=="- Pull against Wandering soin; cne yewing ¥Made 1/2 turn and went
oscillation per turn of into stalled glicde
spin

Full down Full with Spiral dive Made 1/, turn and went

(20°) into inverted dive

Do==== ¥eutral | -m=---—----- domm=mmmmmmm Made 3/l turn and went

into 1lnverted dive

Do==== { Full against Went into Inverted spin | = 6=--;aa-

NATIONAL ADVI3ORY
COMMITTEE FOR ASRONAUTICS

TSUGT QN HH



RESULTS OF SPIN TESTS OF A

TABLE XVIII

]'B—SCALE HODEL OF THE XFG-1 GLIDGR

IN THEE PULLY LOADED COFDITION WITH LANDING GEAR JETTISONED

lgooilers neutreal; model launched erect with spinning rotation,
rudder reversal from full right to full lefﬂ

rudder full rlght

Descrintion of model motion
{before rudder reverszal)

Flight path
(after rudder reversal)

Tlevator Aileron
setting settj_ng
Full up Full with
DOw==- WNeutral
Do=-=-- | Full against
eutral Full with
DQmma= Neutral
DO===- | Full against
Full down Full with
(20°)
DOovvm- Neutrzal
Doe==== 1§ Full against

3talled glide
———————————— do——-—-—-—-——-——-—-

wilde spiral glide oscil-
latory in pitch

Wide radius spin

Spin, oscillsatory in roll,
piteh, and yaw

Spin, oscillatory in
pitch and yaw

$pin, oscilletory in roll,
pitelz, and yaw

g -
- - -

Same as before reversal

Do.
Made 1/2 turn and dived
3eme as before reversal

Do.

Made 3/l turn and went
into stalled glide; or
made 1/l turn and went
into steep Inverted
dive

: NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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RESULTS OF SPIN TEITS

TABLE XIX

oF A _JLQ-SCALE MODEL OF THE XFG-1 GLIDER IN THE

17.

FULLY LOADED CONDITION WITH THE CENTER OF GRAVITY HOVED % PERCENT FORWARD OF NORMAL

[Bpoilers neutral; model launched erect with spinning rotation,
rudder full right; rudder reversal from full right to full left]

Elevator Alleron Deseription of model motion Flight path
setting ‘setting (before rudder reversal) {after rudder reversal)
Full up Full with Went into a stalled glide | = ceca-woo
Do==—- Neutral | cececcmccmmna doeermccmmeccccce | ceeewe-
Do--~~. | Full against | —=wececmee—c—o doe==mmmacmmccn | ecdeec-
Neutral Full with Steep spin Same s before reversal
DOo===~- Neutral | —=cec-ceewca- domeee e e e Do.
Do---- | Full ageinst | «=---v--cw=-u do-emmmemm e Dived out after approxi-
metely 1 turn

NATTONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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RESULTS OF INVEZRTED SPIN TESTS OF A

TABLE XX
1

8-SCALE MODEL

OF THE XPG-1 GLIDER I¥ FULLY LOADED CONDITION

iEpoilers neutral; model launched inverted with spinning
rotation, rudder full to pilotts right; rudder reversal
from full to pilot's right to full to pilot's leff]

Elevator
setting

Alleron
gsetting

Descrintion of model
motion (before
rudder reversal)

Flight path
{after rudder
reversal)

Stick full
forward

DOmm=r

Stick
neutral

Stick full right
{(controls together)

3tick neutral

Stick full right
{controls together)

Went into erect dive

Spun with violent
rolling and pitch-
ing oscillations

Went erect

lModel immediately
rolled with ailerons

into erect position,

pitched into in~

verted position, .

pitched back Into

erect position and
dived,

Came out in a steep
‘erect or inverted
dive after 1/i turn,
model tended to
piteh into flat
inverted position

NATTIOKAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABRLE XX-= Concluded

RESULTS QF INVERTED SPIN TiSTS - Concluded

Description of model Flight path
Elevator Alleron motion (before (after rudder
setting setting rudder reversel) reversal)
Stick Stick neutral Went erect | eeaaaaa
neutral
Stick full | stick full right — | -=-=ea-ao dOm=mmem=ma 1 mmeeee-
back {controls together
DO==w= Stick neutral | cece-e--- dom=mme==-e | eeeaaaa
Do=-=- Stick full left Increased rolling | = —-=-c---
{controls crossed) ogscillations
ceused model to go
into erect stalled
glide

NATIOWAL ADVISORY .
COMMITTER FOR ARRONAUTICS
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TABLE XXI

EFFECT OF SPIN-RECOVERY PARACHUTES ON RECOVERY

CHARACTERISTICS OF MODELS 0OF TEL XFG-1 GLIDER

[ioading s indicsted; parachute towline attached to tailcone; spoilers
closed; ailerons nsutral; recovery attempted by opening parachute;
rudder full with the spin during recovery attempt; right erect spinsj

o —

Center-of- " Rate of
gravity Peractute data vertical
Elevator | position, Diemeter Towline descent (f'ps) Turns for
position percent {feet) length (feet) {full-scale) recovery
¥.A.C (full scale) (full scale} {a)
¥inimum flying weight |
b
Full up 1 3.6 27 150 1, %
Full down il 2.6 27 150 2%, aﬁ
Full up 1 L5 27 150 E, 1
Full down 1 I.5 27 150 1&, 1%

8Because ef the wandering and oscillatory nature of the spins,

b

the values of the airspeed are very approximate.
Visual estimate.

NATIONAL. ADVISORY

COMMITTEE FOR AERONAUTICS

1241 *oN 4N



TARLE XXI - Continued

EFFECT OF SPIN-RECOVERY PARACHUTES - Continued

Center— of- e Rate of
gravity Perachute dste vertical
Blevator position, Diameter Towline deseent (fps) Turns for
position percent (feet) length (feet) {full scale) recovery
M.A.C. {full scale) (full scale) (a)
Fully loaded
Full up 1 5.5 27 250 1, 1%, 2
Full down 1y 5.5 27 250 1, 213I
Full up 14 7.1 27 250 ﬁ, ﬁ
“lFull down 1y 7.1 27 250 1_11;, 2
Full up 19 7.1 27 250 %
z 1 1
Full up 1 7.1 1%2.5 250 H' i
I

fpecause of the wendering and osclllatory nsture of the spins,
the values of the airspeed are very approximate.

NATIONAL ADVISORY
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TABLE XXI - Concluded

EFFECT OF SPIN-RECOVERY PARACHUTES - Concluded

Center-eof- , Rate of
gravity Parachute data vertical
Elevator | position, Dismeter Towline descent (fps) Turns for
position percent (Feet) length (fest) (full scale) recovery
M.AC. (full scale) {full se¢ale) (a)
N fully loaded
Full down 1y 7.1 13,5 250 1, 1&
Full up. 19 7.1 13.5 250 ¥No effect of
parachute
Full down 19 7.1 1%.5 250 Ll., i.

8pecause of the wandering and oscillatory nature of the spins,
the values of the alrspeed are very approximate.
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MR No. L5KZ21

TABLR XXII.*+ RESULTS OF LONGITUDINAL-TRIM TE3T3

OF THE ﬁLa-scm WODEL OF THE XFG-1 GLIDER

[Mintmm £1¥ing weight with pilet and landing gear; center of gravity aa indicated;
spoilera and landing geer se indiceted; ellerons neutrel; rudder ncu.trl]]

Tl angles of wttaek, a, deg
Elswator
setbing Spoilers | Landing C.7. locetlon Xormel Lar'ge Invarted Remarke

(deg] gaar (percant MAG} *1light range poattive

Fres Nautral an i c——— L5 - é

% i 3| =

" u }ﬁ -321

1o 1 35 -&z Trimsed momentarily

2 at 0° (approx.}

20 . 2y -zZ

5D U 2 -

7 <m-do-a- | -o--domeon T --a- 2 -362

10D ===dgm== | ——a-do==== iy v =37

Fres Brteanded 1l 11_ V]

00 memdom== | cccedp--=e jT 2-5 m.-—

10p YN PSP S v — 1 38 =18

SD resdge==" Uy k-5 -22

| cecdgeme | ~eredpmmee 1y R 53%_ -26%

i%n m==dg-=— } —---do=—— 1y - E’.’% -2%

D n 25 -30
oD 8 U —em= -39

Fraa Neutral | Jettisonsd i -—-- da-lé -28

30D —-=da=-= | =-=-do---- U, ---- 5”.'E -———

n =emdoe== | —mmedo=e=a . —m——— -Eg ’

1p wmmdGam- wmmmdO=ra- 1 -3 35 =2 Trinzad momentarily

3 at -39 (approxs]

) ===dp-== | =——edOm=—- n ---- 525 =30 very asnaitive

3n do=== I -—— 30 -28

5D do-== pin 25 -52%

71p —e—dge=m= |} m—=—dp—=== 1 ———— 23 =35 VeTy 1ittls farge re-

2 qulred or changa
fram erect o in=
vartad sttitude

10p —m—dg=—— ————dOm—— 1 ——— ——— =36

Fres Extanded U 3 -37

300 -==dp=-= Ay 5 -

" mevdgmrr | ~em=d0=eam 1 — ﬂ% -50

50 -<-dp=-- | ----de---- Uy -—— % - 9-]21

730 cemdom = | —-edo—--- U -— 2 -33

16D -==dg=== | ----dpo==-- i - -——

Fres Neusrel on 13 —— 59 =55 5lightly psclllatoery
1a poth sattltudas

300 —=-do-m= | =--do---- 19 ———- EELL] -—- Ermot attltude, too
osclllatory to

N determine resding

M CLTY: P e -—— 149 Py 55—2 -L5

1dp om—dgemm 19 ——— 5 -

15D e . 13 asia 62

Frae Extandad | =---do---- 13 ——— ——— ——— oscllleted 'bcr.l:on
652 ang -742°%.

Dld net trim st
1 any attltuds

20p ——=dp——— [ . — 19 ———- .?bE ——— Qaclllatd st tinmes

hetwasn 26%0 and
a
5357,

# r—edgmee | =mmmdoe=sm 19 aman 55% ————

10D memdpme= | emaadom=== 1% ———— ——m= =53

Frae Heutrsl Jettlsonsd 1g ——— Led =59 Both attitudes esre

2 cmgilistory. Eler-
valors ware st mexi=-
wun daflectlons for
both etlliudes.

0p —=cdomm= | —mmedgm——— 19 ———— &8 -——— Erect attitudas wers
oacillatory some-
timea.

H ==l - 1% 3 -l.é

1ap - 19 2! -

1sh 19 -?E

20p 1% 22 -

25D 19 22 ~69 Peused st ersct stbia
tude, then rotsted
Into inverted

20D - edowne | ~=ewdo=--- 1% —— 49 sttitude,

Frea Extendad | es==doeees 19 mmm =51 Brect mttitude, tooc
oacilletory to
destarwine fsading.,

A0y mmmdgm-— ———edg=—=- 19 ———- bz =10 Ereot attitude, wee
Fometl oscillat .

N e—edDeee —mm—wdO===- | 19 ——— 5.',% 4-!-1 mea ] atory

10D ===dos=e | esscigeese 19 - o6 =40 goth attitudes
sllghtly odcillatory.
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TUMBLING TESTS OF THE XFG-1 GLIDER MODEL

TABLE XXIII

WITHOUT INITIAL ROTATION

E@odﬁl relessed In & nose-up attitude simulating a whip stall.
Minilmum flying welght; spoillers neutrall

Tunnel Rate of

Elevator [ Alleron{ Rudder alrspeed desacent
setting setting | setting | (full scale) | (full scale) Behavior of model

(fps) (fps)

30°% N N 38 100 oscillated in pltch through al=
most 1809 memsured from nose-
down sttitude

N ccadge=a | aa=do==- 38 lo2 Do.

10%D cendOe=e | ma=dg-= 33 - pgacillated in pitch through al-
most ¥180° messured from nose=
dowm attltude lnto erect

o stalled attlitude

32070 wmedQwa- 2591 38 amom 0sclllated In plteh through ala
most t180° messured from nosea
down attitude

N --=do-=- [ 25°L 38 ---- Do.

10°D | ===do=== | 25°L 38 ——-- Do.

30°0 | RAD, LAU ¥ ) -—— Do.

Iy anmdOe~s | aeadges= Lo - 0sclllated In pltch through al=-
most leDO measured from nose=
down attitude into erect

o stalled attitude

107D snnfowes | a==do== h9 —=a- Da.

N - Neutral

RAD = Right alleron. down
LAU = Left alleron up

+

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE XXIY.= TUMBLING TESTS OF THE Fd-l GLIDMR NODEL WITE INIYTIAL ROTATION

"7 [Modet given initiel pitching rotetlon sbout isteral sule

Tunmel sirapead for ell teets was 65 faet per sescond, furll scele

MR No. L5K21

Direction Rete of
of inltiel dancent
edel loeding |Model condition |[Elevater Atleron Rudder |[piltching (full ecwela) Behevior of wmodel
: ostting setting satting rotetion (fpm)
Minimum £y Landing gaar on %n°y .| | Negetive m———— Stopped tumbling and
M it e spellose neutrel pltenad into dive with
osollletions in plish

Do d N ~=edomee | me=dgeas | acacdoee-- gé Did oot etop tumbling

D o 10°p mmdOmme | memdgan= ~dommm 7 Do,

! do 20°%0 m=ed Q- 251 mmm—dOm——— ——— Stoppesd tumbl and
pitebad into dive with
oscllietiona in piton

o] T RIS F, y——3———" b | iy, F— zgg;[, e dOm = Did not etop tumbling

Do do 10°D ===do=- 25°L Do.

Do a 20°7 RAD, LAU ¥ mmmmdo-m-= Stopped tumbling in fn-
verted position and
rolled to pilotte left

da into ersot sttitude
o Lt N ~=mdOmma | memdomes | aweedgen—= Dld not stop tumbli

Eo------ mmmammadQmn—— -— 10% mmmdOemns | mmadgees | -sssdim—=e ., ng

! mmmmmm— 30°0 N ===do=== | Posltive Do.

DOmmmmma === == odg- -~ N mandOann | aedomse |oamadp-u-= Do

DOmmeee = | —mu—mocdgom- 10°p m—=dga=- | m=adgue= | ccccdom—== Stopped tumhling and
pitohed inte dive with
osollletions in piteh

DOwmm——— R 1= Y. =%y m—mdO-mm 25°L ———— Did not etop tumbling

o] T —— - N gL ——— Do.

D 10°D —==do=—= L ———— Stoppsd tumbling and
pltched into dive with
oscillatione in piteh

DOmmwmmm | ammemcmdgmananaa 20°y RAD, LAT b ~=medg-m-- Did not etop tumbling

D do ¥ m=emdp==a | —c=ig-a= | —ca-do- Da,

o do 10%p ~medpmmm | mccdomen | eeeadom=—- Stoppad tumbling snd
pitohed into dive with
oeoilletions in pitah

Domw==e== |Spoilars nautrel =0%p N —-=do--= | Hegetive m——— Stopped tumbling and

landing geer pitahed into en srsat
jattisoned stelled sttitude

Do et N mmadpens { amadoeass | —maadoma-a Did not etop tumbling

Domammnn | memamecdOmmseaan 109 mmndpama | meadp—wn | —cmadp==aa Doy

Do do 2% cmmdpmma | memdCame | memadgama= Do

Do do 20°%0 ~==dp=== | ===do=== | FoRltive 91 Do.

Do d N —==dp=== | cmcdomes { eeandpmn== _— Stopped tumbling and
pitchad into dive with
oscillations in pitoh

Do do 10°D mmmlomen | memdgama | cmcadgana- —_— Stoppsd tumbling and
pltehed into Invarted
etallad sttitudas

D 4 QOODD —mmd == | —medoem= | eeendpane ——— as - Egi nd

------ ===dg-== | —==do-=~ | Negetive ——— oppe uwblling

De L':‘;ﬁf{.;‘.:“ on Foro 8 pitohed into aragt

axtandsd atelled position

Do do N mmedpmen | mmmdpmma | ccmedpamaa ——— 01d not mtop tumbling

Do do 10%n mamdomen | memfdgems | cacado- —— Do

Bowe-n _— do 20°D mmndgmm- —=——dp-~-- 95 Do.

Do - a0 3007y Poslitiye 95 Do,

Do d n mmmlO=-- mmmadgama- ———— Stopped tumbling wod
pitched into dive with
oscllletions in plteh

Do A 16%n ===do-== | ~==dp=== | ~===dp-=== Do.

mammme |smmmcesdgas=ena= 20%n mmndtmme | mmedgam- | ceeedoan-= Do.

o-g. 3 porcent [Landing gear on | 30°0 | =--domo- { ===do--- | Negetive - be.
8 e L]

Toraard spellare nautn N m==dome= | mmedoees | cmmmdgoman Do,

Do do. 10%n [ENEPRP. PSSR ! P pupigy [ p—" Did pot stop tumbling

Do - A 20% PP [y, Py, Do,

Do A 30°7 Poalttive Do,

o A R Y. I gy —— Stoppsd tumhling end
pitohed into dive with
cecilletiona in pitech

o mmndO-—mw | cccdom== [ emmedQe-— Do.

E; .drE égﬂn memdomen | ceedieme | ceeedgam=: Do,

¢ug. 5 popesnt |-cemeemdomsacmes =nog “-nmdge=cs | «eedge==] Hegetive Do.
r.u-;lrd. o N, smelOmms | mmedgmn- __--go__-- Did not ntngotunbllng

mmmmmdOm————— JR—T ~medgam— ~dOm=—m .

po----2: |222-Coae 1000 | zmmerms | ozmdezn| moden Bor

Do A 3007 wanlOmes [ ==ado=== [ Positive Do,

Do Ao Ho RO ¥, TS ---g:--- ----gg---- gg.

Do : ég D ___g";___ 80 | mmmnlim——- Stopped tumbling end

b pltched into dive with
osellletiona in piteh

Do a 20° mwmlOmee | m—ellgme= [ mcc=d@-=== -——— »

RAD - Right sileron down
1A0 - Ieaft &Llaron up

NATIOMAL  ADVERORY
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MR No. LS5K21

TASLE XXV
TUMBLING TESTS OF A Il;g-SCALE MODEL

OF THE XFG-1 GLIDER IN THE FULLY LOADED
CONDITION WITH INITIAL ROTATION

[Spoilers neutral; silerons and rudder neutral;
model given initial rotation zbout the lateral
axis; the tests were run at an airspseed
of 102.1 feet vper second, full scale}

Direction of
Elevetor initiesl pitch- Behavior of model
setting ing rotation
Full up Negative Stopped tumbling and
dived
Heutral | ====== dom=——==- Did not stop tumbling
Full down | ====-=- do====== Do.
Full up Fositive Do,
Neutral | -—--=-- do=m—-=-- Stopped tumbling and
pitched into dive
Full down | —-===-- do-=-v-—-- Stopped tumbling

NATIONAL ADVISORY
COMMITTEE FOR ASRONAUTICS




Spoiler

Aileron H. L.
Bol

MR No. L5K21

& Thrust
36.#7
B el
) ] ‘\3!._ ; pe———t=
19.86 " Rudder AL
937" ' 830" //
; .03 CDM:;‘#EOEH:I(.]R AERTNALITICS
R -
¢ Thrust - _Lzall
©

Skelch of Ihe /;‘; seare zooe!

/wa'e / .
oF the Cormelius XA6G -/ grider as rested

m the 1ree-spipnmg tunnel. Center-or-
Gravily position stowsn For the IR

Flving weight condition



NACA
Liat ABBS2

Normal conditiocn,

Normal condition-landing gear jettisoned.

Figure 2.- Photographs of the I?Lé_scale model of the Cornelius XrG-1 glider.
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“_Direction of girstream

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 3 .= Shefeh showing a V128-scake mode/ oF the XFES glider in
the Wire rig wsed For 7he [ong/rudirnal 1rim Fesrts,
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foelative mass arstribuytion

O Avatrre
A [ Yoo/ prrrrier?
7Ly et
& ONMoak/ Felly ook
00
X0
S 60
&/cso
«
§{40 /
20
B
3
R ¥
. - @?&85
L)
y
Q
g 30 /

MR No. LSKZ1

O =D O OO 5D A0 20 4O SR /8O Zoo kot
I~ 1, Aelotive moss oistribution

me 1rereased along the wings

~ Y

Frgure 4 [Taxs parorreters for /oadings possible
or 7H8 XFG-1 glider and For foodirxgs
resed o 1he rrrodel . (Lawss are Xorfoookigs
rrsted in rfabke 7l arnd 7T ) NATIONAL ADVISORY
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