Fifacom! N &2 65738

NO. 2-W :
- @ : f o~ MR No. L5K21
V=

.
o Py

g T R -~ T & oy e

NATIONAL ADVISORY COMMIT'I{E FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY  ISSUED

January 1946 as
Memorandum Report L5K21

FREE-SPINNING, LONGITUDINAI-TRIM, AND ‘IUMBIIN‘G

TESTS OF —L—— SCALE MODELS OF THE

17.8
CORNELIUS XFG-1 GLIDER

By Ralph W. Stone, Jr.,and Lee T. Daughtridge, Jr.

Langley Memorial Asronautical Laboratory
Langley Field, Va.

‘ FILE COPY

To be returned to
the files of tha National
Advisory Committee
for Aeronautics

Washington, D. C, fh

NACA v

WASHINGTON

a NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
1 nically edited. All have been reproduced without change in order to expedite general distribution.

L~ T38







NACA LANGIEY MEMORIAIL AERONAUTICAL LABORATORY
MEMORANDUM REPORT
for the

Air Technical Service Command, Army Air Forces

MR No. L5K21

FREE~-SPINNING, LONGITUDINAL-TRIM, AND TUMBLING

1
17.8
CORNELIUS XFG-1 GLIDER

-SCALE MODELS OF THE

TESTS  OF

By Ralph W. Stone, Jr., and Lee T. Daughtridge, Jr.
SUMMARY

A series of tests has been nerformed in the Langley
free-spinning tunnels to determine the spin and recovery
charecteristics, longltudinal-trimming cheracteristics at
extreme angles of attack, and tumbling tendencies of a

1 8-scale model of the Cornelius XFG-l glider. The

tests were made at an equivalent altitude of 15,000 feet,

The effects of loading, mass distribution, and
center-of-gravity position upon the model characteristics
were determined. The inverted spin characteristics and
the spin=recovery parachute requirements were also
investigated.

The results of the tests showed that the model would
spin in a flat attitude with extreme oscillations. 1In
general, reversal of the rudder alone or extension of the
spoilers stonped the spinning rotation, but the model
remained in a stalled glide, Movement of the elevator
down pitched the model out of this glide. ILonglitudinal-
trim tests indicated that increasing the elevator-down
setting to 20° insured pitching the model from this
stalled glide, but the spin results indicated that care
must be exercised to avold entering an inverted spin.
Ali,5-foot and a 7.5-foot (laid out flat diameter) silk
tail narachute effected satisfactory recoveries when
opened during spins of the glider for the minimum flying
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weight and the fully loaded conditions, respectively.
The model would tumble unless the elevators were held
against the rotation.

INTRODUCTION

At the request of the Army Air Forces, Air Technical
Service Command, & series of tests has been performed in
the Langley free-spinning tunnels to determine the spin
characteristics, longitudinal-trim characteristics, and

tumbling tendencies of a 1 _-scale model of the XFG-1

glider. The wings of thelgi§der are swept forward and
are located nea2r the rear of the fuselage and have
spoilers to aid in landing, The glider has a con=-
ventional vertical tail surface but has no horizontal
tail surface, the elevator controls being on the wings
inboard of the ailerons.

: Two loadings were tested, corresponding to the
glider in the minimum flying weight condition, and in
the fully loaded condition. The spin and recovery
characteristics 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 distribution. The inverted=-spin characteristics
for both loading conditions were also determined, and
the effect of increasing the wing dihedral was deter-
mined for the minimum flying weight condition. Spin-
recovery tail parachute tests were made for both loadlng
conditions. The longitudinsl-trimming tendencies of the
model mounted free to pitch were investigated, the
effects of spoilers, landing gear, and center-of-gravity
location being determined.

: Tumbling tests were made for the model in the mini-
mum flying weight and fully loaded conditions, during
which the effects of center-of-gravity positions,
spoilers, and landing gear were determined,
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SYMBOLS

wing area, square feet

wing span, feet

mass of glider, slugs

mean aerodynamic chord, feet

ratio of distance of center of gravity
rearward of leading edge of mean aero-
dynamic chord to mean aerodynamic
chord -

ratio of distance between center of gravity
and. fuselage centerline to mean aero-
dynemic chord (positive when center of
gravity is below fuselage centerline)

moments of inertia about X, Y, and Z body

; 2
axes, respectively, slug-feet®

inertia yawing-moment parameter

inertia rolling-moment parameter

inertia piltching~moment parameter
airplane relative density

air density, slug per cubic foot

full-scale true rate of descent, feet per
second

angle of attack, degrees
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APPARATUS AND METHODS

Mode 1l

all
17.8
the XFG-1 glider were built and prepared for testing
by Langlﬁy. Two models were built in order to expedite
the tests in case of excessive damage to one of the
models and because z model built to be ballasted for
the light loading would be too weak structurally for the
heavy loading.

Two dimensionally identical -scale models of

The dimensional characteristics of the full-scale
glider are given in table I. A three-view drawing of the
model with the landing gear on 1s presented in figure 1.
Photographs showing the model with the spoilers extended,
landing gear off and on, are shown in figure 2. '

The models were ballasted with lead weights to
obtain dynamic similsrity to the glider at an altitude
of 15,000 feet (p = Cs 001490) A remote-control mecha-
nism was installed in each model to actuate the controls
for the recoveries. The landing gear was independently
ballasted so that .correct mass characteristics were
obtained for the model with landing gear cff and on.

Wind Tunnel and Testing Technique

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

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

Spin tests.~ The spin dsta presented were determined

by the methods presented in reference 1 and have been
converted to corresponding full-scale values. Because
of the oscillatory and wandering motion of the models,
quantitative daté could aenequlv not be obtained; there-
fore, only a deccrlptwon of the model motion before
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and the flight path after, control reversal is presented,
together with the number of turns it took the model to
stop rotating after the ‘control was reversed. The tests
were. performed for the normal spinning control configu-
ration (elevator full up, ailerons neutral, and rudder
full with the spin) and for various other aileron-elevator
deflection combinations including neutral and niaximum
deflections ‘of the surfaces for the various conditions
tested.

For the spin-recovery parachute tests, the model
wes launched .into its. spinning condition with the rudder
set full with the spin. Recovery was then attempted by
opening a tail parachute. The parachutes used were the
flat circular type made of silk and had a drag coef-
ficient of approximately 0.7 based on the surface ares
of the canopy. The diameter was measured when the para-
chute was laid out flat. - The towline was attached to
the tail cone of the model and the parachute was packed
in such a manner so.as not to change the spinning con-
ditiion,.

Longitudinal-trim tests.- For -the longitudinal-trim
tests, The model was mounted on a special rig fixed in
the center of the tunnel. ' (See¢ fig. 3.) The model was
restrained from any movement about the roll and yaw axes,
but was free to rotate about a pitcn axis through an
angle of plus. or minus 90°. Provision was made for
mounting the model at various center-of-gravity locations
through a range of from 9 to 19 percent of the mean aero-
dynamic chord. The model was mass-balanced sbout the
pitch axls for the particular center-of-gravity location
desired.

The model was rotated to zero angle of attack by
strings attached to the nose and tail. .The airspeed in
the tunnel was then increased and the .model was allowed
to assume an angle of trim. In order to determine .if
there was more than one angle of trim for any condition,
the model was rotated by means of the strings, and the
trim angle was meesured when the strings were released.
The trim angles were read by means of a protractor
mounted on & tunnel window which was approximately
parallel te¢ the .plane of symmetry of -the model. . These
tests were arbitrarily perfermed with an approximate
tunnel airspeed of Ll feet per second.
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Brief force tests were also run in the free-flight
tunnel to determine the neutral point of the model and
to obtain data which could be compered with the results
of similar balance tests performed at Wright Field.

Tumbling tests.- In order to determine the tumbling
tendencies of the model, the model was either released
from & nose-up position to simulate a whip-stall or was
given an initial pitching rotation about a latersal axis.
In the tests in which ;nltlal rotetion was given the
model, because of the confined space of the tunnel, only
enough pitching moment was 2pplied by hand to insure
that the model would make ot least one complete turn
before it struck the afety net for cases in which it
would tumble, or that the model would meke approximately
ecne complete turn before it stopped rotating for cases
in which it would 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 it was tumbling and after it ceased to

. tumble.

Moving pictures were taken of both types of tumbling
tests so that a study of the model motion could be made.
Approximate vertical rates of descent of the model during
the tumbling tests were determined from the film records
of the tumbling maneuver and from the tunnel airspeed.
The camera speed being known, the epparent vertical rate
cf descent was determined from the number of frames of
£ilm in which the model moved a certain vertical
distance. This. apparent vertical rate of descent was
added to the tunnel airspeed, giving an approximate
vertical rate of descent of the model during the tumbling
maneuver, Three rudder-aileron control combinations were
tested for elevator full up, neutral, and full down:
rudder neutral, ailerons neutral; rudder fully deflected,
ailerons neutral; rudder neutral, ailerons fully
deflected. 1

PRECISION

Inasmuch as the motion of the mode]l during spin
tests was mostly very wandering end oscillatory, the
only precise data obtained were the number of turns the
model took to stop rotating after control reversal.
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These turns are believed to be the true model values
witnin the following limits:

tﬁ turn when obtsined from film records

ﬁ% turn when obtained from visual observation
These limits may have been exeeded somewhat for csses in
which the model was extremely difficult to test. Only
approximate values of rates of descent =nd rotation
could be obtained.

The angles of trim of the model obtsined from+the
longitudinal-trim tests are believed to be within *2°
of their true values.

A comparison of model and airplsne spin results
(references 1 and 2) indicated that the spin-tunnel
results were not 2lways in complete agreement with the
full-scale airplane results. 'In general, models spin
at & somewhat smaller angle of attack, at a somewhat
higher rste of descent, and with 5° to 10° more outward
sideslip. The comparison made in reference 2 showed
that 80 percent of the model recovery tests predicted
satisfactorily the corresponding full-scale recoveries
and that 10 percent overestimated and 10 percent under-
estimated the full-scale recoveries.

Because of limits of accuracy in ballasting the
models and becsuse of insdvertent damage to the models
during the spin tests, the measured weight and mass dis-
tribution of the model varied from the true scaled-down
values by the following limits:

Model basllasted for minimum flying weight condition
(with pilot and landing gear)

Weloht, Dercefit. i s o« oin o oo s s 0 low,. .5 high
Center of gravity . . . . . . . 0.01T resrward to 0.05%

2 forward of normal
Moments of ‘IX' s 2 s s e 0 s e ne o » o 1 low, 22 ok

inertia, S Iphln. & 8 s oo MaE e e s x o BL Loy it
percent - e ool 4
IIZ s ® & e m » on 0w e w o« s «f high, 15"k

5 L
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Model ballasted for fully leoaded condition (with pilot
and landing gear) ‘

Weight, percent . « « « ¢ « + & s ey 3w 2 Ebowe 8w
genter of gravily + « « § ¥ » » O 05¢ rearward to 0.01T
- forwerd of normal

Moments of EIX. Y S R R L e
inertia, ﬁIY e v e u &y e ¥ wmow xS EENEL ST E

PORCORL . [ Trw: o o wom b b ke ik S OuBTEERTEE SRR

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

Wokpiit, Daroltit . ¢ o b Lot ok i i e S
genter-of-gravity locatieén, pereent T . . « s « & » o 21
Moments ‘of lnertla, pPercent . ., » « o = o & » & ;s &5

The controls were set with an accuracy of ok
TEST CONDITIONS

Spin tests were made for the. model conditions given
in table ITI. The mass characteristics eand inertia
parameters for the nossible loadings of the glider are
shown in table IITI. The values of the corresponding mass
characteristics and inertia parameters for the models as
tested azre presented in table IV. 1In addition, the
inertia parameters fer both the niodels and gllider are
plotted on figure li. The basic loadings tested were
the minimum flying weight with pilot qnd landing gear
and the fully loaded condition, with pilot and landing
gear. These loadings are herein referred to as the
minimum flying weight and the fully loaded conditions.

The maximum control deflections used for spin and
tumbling tests were:-

Ratlder 90 o8 4 % SRR R R LY right, 25° left
BlLov@bor &k « w & o. o & Slel wfis 5k f « 20000 SE0 S E T
BBEReha 1 ol w B o B Ble| ol o s 200 (o Y < down

SpieAliommalig Foii e oo o i R I e R 90 up
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At the start of the spin tests the maximum down-
elevator travel was only 10°, but subsequent to the
longitudinal-trim tests the elevator-down.deflection
was changed to 20°. The maximum down-elevator travel
used for the tests is noted on each of the tables of
results,

Variations in mass distribution were investigated
in order to allow for the limits of accuracy of the
computed glider and model values and also to allow for
any reerrangement of loading which might lead to a
spinning condition in which a longer period of time -i8
required for recovery. after control reversal.

Por the investigation of the effect of wing dihedral
on the spinning characteristics of the model, the wing
dihedral was increased from 2° to 8°,

The conditions tested for the longitudinal-trim
tests and tumbling tests are given in tables V and VI,
respectively.

5

RESULTS AND DISCUSSION

The results of the spin tests are presented in
tables VII to XX.  HResults of right and left spins. were
quite similar and results for right spins are arbi-
trarily presented (glider turning to pilot's right).
Thie results of the spin-recovery parachute tests are
presented in table XXI, and the results of the
longitudinal-trim tests are presented in table XXIT.
Tables XXIII to XXV contain the tumbling test results.

Spin Tests « Minimum Flying Weight

Normal condition.,- The results of the tests for the
minimum lying weight condition with the spoillers
neutral are presented in table VII. When the controls
were set for the normal spinning configuration (elevator
full up, ailerons neutral, and rudder full with the
spin), & mobion oscillatory in roll and pitch toek place,
with epproximately feur oscillations per turn of the
spin. Although. this motion resembled a wide radius
spiral, a definite condition of:equilibrium 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 ailerons with the spin generally
retarded recoveries slightly. Setting the allerons
against the spin was favorable in that the model would
riot spin when the elevators were neutral or down. When
launched with rotation into the tunnel for these latter
two conditions, the model oscillated violently and turned
over into an inverted attitude. For the svins obtained,
the approximate average rate of descent was 120 feet per
second, full scale, and the approximate average rate of

rotation was % revolution per second, full scale.

gimultaneous full reversal of the rudder and ele=-
vators for all elevator-up spins resulted in rapid
recoveries in which the model went into a steep dive and
then over onto its back.

a
i

Extension of the spoilers generally decreased the
oscillations and caused the model to stop rotating, even
when the rudder was full with the spin (table VIII).

When the elevators were up, however, the model remained
in a stalled glide after the rotation ceased; reversal

of the elevators from full up to full down after rotation
had ceased caused the model to go into a steep dive.

When the elevators were down, & spin could be obtained
from which & rapid recovery was effected by full rudder
reversal. ;

The results of tests of the model simulating the
coridition in which the landing gear has been jettisoned
dre presented in table IX.

These results, when compared with those with the
landing gear installed, show a slight adverse effect on
the s»in and recovery characteristics of jettisoning the
landing gear.

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

Mass variations,- The results of tests with noderate
mass variations (ly end Iy decreased 20 percent Iy,

and Iy increased 17 percent Iy from the normal minimum

flying weight condition) are presented in tables XI
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and XII. These results are somewhat similar to those
obtained with the model in the normal minimum flying
weight condition. After being launched in a 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 no rotation about the vertical
axis. The rotation was stopped by rapid rudder reversal,
but the model remained in a stalled glide when the ele-
vators were up or neutral. Results of longitudinal-trim
tests indicated that movement of the elevator to the
full-down vosition (20°) after rotation had ceased

would have undoubtedly pitched the model into a steep
diiviet.

Center-of-gravity movements.- When the center-of-
gravity location was 5 percent of the mean aerodynamic
chord rearward of normal (table XIII), the spin and
recovery characteristics were similar to those with
normal center-c¢f-gravity p031tlons, except that when
the elevators were only 10% down, the model remained in
a stalled glide after rudder revnrsal The longitudinal-
trim tests indicated that the model would recover from
this stalled glide if the elevators were moved 20° down.

When the center of gravity was moved 5 percent of
the mean asrodynamic chord forward of normal (table XIV),
the spins were .oscillatory ‘and relatively steep.when the
elevators were neutral or down, but recoveries by rudder
reversal were.unsatisfactory. The steep attitude of
these spins apparently made the ‘rudder ineffective
because of shleldlng Ol'the ruddér by the wings and for
this reason it is not considered advisable to spin the
glider with the center of gravity forwerd of normal.
Recovery may be effected in this loading by holding the
elevators full up, reversing the rudder to stop rotation,
and after the rotation has stopped, fully reversing the
elevator ‘to’ dive out of the stalled glide.

Inverted spins.- The results of the inverted spin
tests: are Urusentéa in Geble, XV, For inverted sSpins,
the designations of the control coniluuratlons are
different from those used for erect spins. “Controls
together" means that when the right rudder pesial s
feorward the stick is to the )1lot?s right, and "controls
crossed" means that when the right rudder pedal is
forward the stick is to the pilot's left. When the
controls are together in an inverted spin, the ailerons
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sppose 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. Rapid full rudder reversal
stopped the spinning rotation; the model, however,
remained in a flat inverted position. Ifovement of the
stick full back would pitch the glider from this Tlat:
inverted glide, but results indicate that care should be
exercised to avoid entering an erect spin when the stick
is moved full back, For the other control configurations,
thé model motion was very oscillatory and the model went
into an inverted glide or dive with stick forward and
into an erect.vosition with stick neutral and back even
though the rudder was held full with the spin.

Spin Tests.-. Fully. Loaded .

The results of tests of the model in the fully
loaded condition are presented in tables XVI to XX. In
general, the results were quite similar “to those of the
model in the minimum flying weight condition for both
erect and inverted spins,

Spin-Recovery Parachute Tests

The results of testg te determine the optimum size
of, and towline length for, spin-recovery tail parachutes
(table XXI) indicate that a lL..5-foot (flat circular) tail
parachute with a 27-foet towline will preduce satis-
factory recoveries for the minimum flying weight con-
dition. A 7.5-foct diameter tail perachute with 27-feot
towline will be satisfactory for the fully loaded con-
dition. . These results are based on tests with silk
parachutes having a drag coefficient of approximately O¢Te

Longitudinal-Trim Tests

The results of the longitudindl-trim tests of the
model presented in table XXIT appear to be in gocd agree-
ment with the results of the spin tests. When the center
¢f gravity was at the normal location (1l percent M.A.C.)
the model trimmed only at positive angles of attack when
the elevators were full up and only at negative angles
of attack when the elevators were down 10-,

However,
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when the elevators were only 7% down, the model-

trimmed at both negative and positive angles of attack,
and from the results it sppeared that a down-elevator
setting of 10° was barely enough to prevent trim con-
ditions at a positive angle of attack. Trim in the
normal flight range of angles of attack could not be
obtained with the elevators neutral. Brief force tests
in the Langley free-flight tunnel indicated that the
spin-tunnel model would trim in the normal flight range
of angles of attack only with small down-elevator settings.
Tlie results of the Langley free-flight tunnel tests and
results of Wright Field tests in their 5-foot tunnel are
compared in figure 5. The frée-flight tunnel tests
showed an earlier stall and an upwerd shift of the
pitching-moment curves.in the positive direction, and
indicated that smell elevator~down deflections were
needed for trim in the normal flight range. Additional
longltudlnal trim tests with small elevator-down settings
showed this tendency to trim in the normal flight range
for the spin-tunnel model. '

. The vosition of the spoilers and disposition of the
landing gear had no effect on the general trimming
characteristics of the model with the center of gravity
located at 1l percent of the mean aerodynamic chord.

When the center of gravity was located at 19 percent
of the mean aerodynamic_chord and the landlng gear was
off, the results indicatée that more than 20° of down
elevctor is necessary in order to prevent the model from
trinming at relatively large positive angles of attack
fer this condition, Otherwlae the results of the trim
tests with the center of gravity moved resrward of normal
were very similar to those with the center of gravity at the
normal location. '

Tumbling Tests

Minimum flying weight condition.- The results of

the tumbling tests in wnich the model was released with-
out initial :rotation from a nose-up position to simulate
a whip-stall condition are presented in table XXIII.

The model did not tumble for any control configuratlon
but executed a series of extreme oscillations in Oltch
during which the model would pitch through almost ¥180°
measured from the nose-down attitude. An attempt was
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made, by means of the film records of these tests, to
determine if these oscillations damped out. No damping
effect could be observed in the short distance the model
had to fall before hitting the safety net (approximately
12 feet). j '

The results of the tumbling tests in which the
model was given initial rotation about the wing axis are
presented in table XXIV. For all conditions tested, the
model continued to tumble in a positive (nose up)
direction when the elevators were up and in the negative
(nose down) direction when the elevators were down. The
model stopped tumbling, however, when the elevators were
set against the pitching motion. With the elevators
neutral, the model continued to tumble in either direction
when the landing gear was on and the spocilers were
retracted when the center of gravity was normal or 5 per-
cent of the mean aerodynamic chord rearwsrd of normeal.
For the normal center-of-gravity location, when the
landing gear was on and the spoilers were extended, the
model would tumble in the negative direction with the
elevators neutral. Similarly, the model would tumble in
the negative direction with neutral elevator when the
landing gear was off and the spoilers were closed. Wnhen
the center ef gravity was 5 percent of the mean aero-
dynamic chord forwsrd of normal, however, the model
wculd net tumble with elevators neutral,

Fully loaded condition.- The results of tumbling
tests of the model in the fully loaded condition are
presented in table XXV. For these tests, the model was
given initial rotation about the wing axis. The model
stopped tumbling when the elevators were set against the
rotation, but generally, continued to tumble for ether
elevator positions. The results obtained were generally
similar to.those obtained with the model in the minimum
flying weight conditiorn (with pilot and landing gear).

CONCLUSIONS

Based on the results of tests of 1 ~-scale models

178
of the XFG-1l glider, the following conclusions regarding
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the spin and recovery and tumbling characteristies of
the glider at a test altitude of 15,000 feet have been
made ¢

l. The motion of the glider in a spin will be
oscillatory about all three axes. The rotation can be
terminated satisfactorily by reversing the rudder, but
the elevator must also be moved to a down position of
20° to insure nosing down from the stalled attitude.
care should be exercised by the pilot, however, in order
to avoid entering an inverted spin,

2. Extending the spoilers will decrease the
oscillations and cause the glider to stop rotating when
the eleyators are up or nnatﬂal even if the ruuder s
held full with the spin,.

3, Jettisoning the landing gear or moving the
center of gravity: 5 percent of the mean aerodynamlc
chord forward or rearward of normel will have an adverse
effect on recovery characteristics.,

li. Increasing the wing dihedral or varving the
mass distribution moderately will have no appreciable
effect on the spin and recovery characteristics,

5. Thne glider will spin inverted only when the
stick is forward, The rotation can be stopped satis=-
factorily by reversing the rudder, but the stick must
be moved back to insure nosing out of the stalled
inverted position. (Ceare sheuld be taken to avoid
entering an erect spin when the stick is moved full
back,

6. A L.5-foot diameter silk parachute with a
27-foot towline for the minimum flying weight coendition,
arid a 7.5-foot dlameter silk narachute with a 27-foot
towline for the fully loaded condition will.give satis-
factory recoveries by parachute action alone.
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7. The glider vill tumble, but the tumbling motion
can be stopped by deflecting the elevators against the
rotation.

Langley llemorial Aeronautical Laboratory .
National Advisory Committee for Aeronautics
Langley Field, Va,
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TABLE II

ITIONS

FOR THE —L_.SCALE

NATIOWAL ADVISORY 178
COMMITTEE FOR AERONAUTICS MODEL OF THE XFG-1 GLIDER
No. Loading Mass variation landing Spoilers | Modification Type of Data on
gear spin table
1 | Minimum flying None Cn Neutral None Erect VII
welight
=y A B e | g A Om= o o m=s=go===~ | Extended | —==wu= i s —md 0= VIII
3| ee———- AO==mmmm | mmmmme—am dommmmmm——— Jettisoned Neutral | -=--- do====- ~==do==- IX
L | —mmm—- do=mmem= Ix and Iy decreased On —==dOmm= | mmm—- dom=m== mmdOm-— X
20 percent of Ix
5 1 ==wmen do====u= Ix and Iy increased R aats e B ~==do==m | —==wa do=m==- ~-==do-=~ 7.8
7 percent of Ix
6 | == do=mmm=m coge rearward 5 per- | —=-=do==== | ===d0=== | ==e-- dommmm—m— ~—=d Q=== b4 %1
cent of M.A.C.
T | —mm——- do====m== c.ge. Fforward 5 per- —===dOo==== === Om== | —==—e do====~ —==do===- XIIT
cent of M.A.C.
8 | mmm——— do=m=rm—— None ——mmd Q= ——— ===dQ=== | ~=ee- do=m—-—- Inverted XIv
Q | =mm——- do===wmu | cememe—ee do=-=mmm——— ——~=dO==-~ ~-=do--~ | Wing dihedral Erect Xv
changed from
2% 67
10 | —===== dOommmmmm | mmemeeemn dom=mm————— ~==~dO==== ~==d0o=== Spin-recovery | ---do--=- XXT
parachutes
il Full load | ========- dOo===mm———- ~—emdO==—= ---do=--- None ~==do===~ XV1I
12 | —====- do==mcem | mmmmeman do===m=———a wemnlgeese | Extonded | ~=won do==-=~ ~==d 0~~~ XVII
12 | e do===cmm | cmmmmeaee Ao===mmmm—— Jettisoned Neutral | ==w== do===~= ~~=dOo==~ XVIII
U | —emmm- dOo=mm=nm c.g. forward 5 per- on —==dOm== | =——e= do==m== ---do=== Xy
cent of M.A.C. . !
i | ~Eeean G guesmn= lone rrelemns hascflGene | tenes s mn Inverted | XX
16 | ~==-m- doseamme | mesmcomes d Owemmnsmwe weesldgeens | se-do~~= [“Spin-recovery | Erect XXI
parachutes
17 | ====== do====—- c.g. rearward 5 per- ~=e=dO==--= ~==dQo=~~ ! ————— do===== ===dOo==~ XX1
cent of M.A.C. L1 |
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TABLE

IIT.= WEIGHTS, CENTER=OF-GRAVITY LOCATIONS, AND MOMENTS OF INERTIA

FOR VARIOUS LOADINGS POSSIBLE ON THE XFG-1 GLIDER

Center-of- Moments of p at b at
aLoading Weight gravity 1nerti$ 15,000 sea Mass pearemeters
(ib) location (slug=-ft#) £t level
x/T z/T Ix Iy Iy L el 2 e EZ_:_EE
mb2 mb2 mb 2
1Minimum flying
weight with
pilot and N N L
landing gear 3881.2| 0.14 {-0.051 | 5139 | LLL6 | 8775 | k.20 2,65 |19.7 x 107%] -122.7 x 10~ 103.0 x 10~
Minimum flying
welight with
pilot and 25
gallons of -l -l -l
gasoline 3599.3| .16 | -.087 | 4798 | LL36 | 8635 3.85 2.45 | 11.1 x 10 -128.6 x 10 117.5 x 10
Minimum flying s
welght without =l -l h
5 pilot 3681.2 ] .19 | -.055| 5133 | 4131 8455 | 3.96 2.49 | 30.1 x 10 -130.1 x 10 99.9 x 10
Full load with
pilot and Sy -l Jh
B landing gear 7997.2 A | -.022 ] 5387 L935 | 9253 8.61 5.43 6.3 x 10 =59.7 x 10 53.5 x 10
Full load with-
out pilot and N N <l
6 landing gear 7782.21 .19 | -.036 | 4905 | 4329 8505 | 8.40 5.30 8.2 x 10~ -59.2 x 10~ 51.0 x 10
Full load with o
pilot, without -l <L o i
lending gear 7602.2 | .13 | ~.023 | 5293 | L8Lo 9249 | 8.19 5.16 6.6 x 10 ~6L4.1 x 10 5T7+5 x 10 =
o
& Numbers correspond to numbered points on figure h. —
o
NATIONAL ADVISORY fy
COMMITTEE FOR AERONAUTICS I






MR No. L5K21

TABLE IV.- FULL-SCALE VALUES OF THE WEIGHTS, CENTER-OF=GRAVITY LOCATIONS,

AND MOMENTS OF INERTIA FOR THE LOADINGS TESTED ON THE XFG-1 MODEL

Center-of=- Moments of p at p at
.Loading Weight gravity 1nert15 15,000 sea Mass parameters
(1b) location (8lug=-rt<) It level
¥T| o/ Iy | v} Iy Ery ey o o
2 2 2
Lyintmum flying mb ol mb

welight with
pilot and -l -l -l
landing gear 3846 | 0.14 | -0.052 | 508k | L369| 9365 | L4.13 2.61 | 20.3 x 10 -143.5 x 10 123.2 x 10
2Minimum flying
weight with
pilot, lending
gear jetti- -l i -l
soned 3507 .12 | «.035 | U789 | L275| 9096 | 3.79 2.38 | 16.2 x 10 -152.0 x 10 135.8 x 10

h‘uinim flying
weight with
pilot end
lanaing gear
(c.g. rearward I
5 percent MAC.)| 3846 .19 [ =.052 | 5084 | 3844} 8840 | L.13 2,61 | 35,6 x 10™* | -143.5 x 1074 107.9 x 1074

5‘_.Tinim\xm flying
weight with
pilot and
landing gear
(c.g. forward L
5 percent M.A.C.)| 3846 .09 | =.052] 5084 | 4B6L | 9860 | L.13 2.61 6.3 x 1074 | 13,5 x 1074 137.2 x 107k
5M1nimum flying
weight with
pilot and
landin ar
(IS & % Et.1n~
creased 17.2 -l
percent of I) Looly WAy | =.058 | 5941 | 4369 | 10222 | L.30 2.71 |.43.3 x 10
Minimum flying
weight with
pilot and
landing geer
& I, de-
creesed 20 IR
percent of Iy) 3890 WAy | === | 4060 | L4369| 8340 | L.20 2.65 | -8.7 x 107* | ~112.5 x 1074 121.2 x 107k
ull load with
pilot aad Ih
landing geer 7886 <Ay | -.010 | 5664 | 4738} 10204 | 8.51 5.35 | 13.0 x 10
2pull loed with
pilot, lmnding
gear jetti- " ‘
soned 7547 12| =.023 | 5384 | 4655§ 9930 | 8.13 5.11 { 10.7 x 10~ =77.4 x 10‘1‘ 66.7 x 10""
3Full load with
pilot end
landing gear
(c.g. forward
5 percent N.AL) | 7886 .08 | -.010 | 566L | 5738 | 11203 | 8.51 5.35 | =1.0 x 1074 ~76.6 x 10

-161.3 x 10‘1* 118.0 x 10‘1‘

~76.6 x 10‘LL 63.6 x 1074

N

T7.6 x 10'1+

'Numbera correspond to numbered pointa on figure L.
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MR No. L5K21

LONGITUDINAL~-TRIN TEST CONDITIONS ON

r 1 e el =
THE ———=-SCALE MODEL OF THE X¥G-1 GLIDER
L

e A0 ; S
Center-of-gravity [
No. location Landing Spoilers | Data on
percent M.A.C. gear i table
i
¢ 1l on ! Neutral | XXII
2 1 | ----do=--- | Extended
E U | Jettisoned | Neutral
| Uy emwalom=-== | Bxtended
5 19 on Neutral
6 19 ~=—=do=-===~ Extended
g 19 Jettisoned Neutral
v 19 i ——m—dO-=--- Extended \/

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




TABLE

W

TUMBLING TEST CONDITIONS ON THE —7 B—SCALE
MODEL OF THE XFG-1 GLIDER
L S y 5 e
No. Loading Mass variation Landing ges Snoilers Data on table
Minimum flying o m}onv On Neutral XXIIT & XXIV

o

weight

(G2 B = W A N NO TR

i

I

1}

i

]

1
o7,
0

'

i

1

1

1

1

O~

Full lead

et oot o iiosee it

---------- do=mm e
c.g, forward 5 per-
cent of M.A.C.

c.g. rearward 5 per-
cent of M.A.C.
None

Jettisoned

(L Q-
axtended
Neutrel

o o 0 (0] ()

s i o
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AXTV
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TABLE VII.- RESULTS OF SPIN TESTS OF A —=—=-SCALE MODEL OF THE XFG-1 GLIDER

1l
17.8
IN THE MINIMUM FLYING WEIGHT CONDITION WITH SPOILERS NEUTRAL

Bodel launched erect with spinning rotation, rudder full right; indicated controls reversod]

Flight path

Elevator Alleron Description of model Flight path (after simultaneous Flight path
setting setting motion (before (after full full reversal of (after elevator
control reversal) rudder reversal) rudder and elevator) reversal)
Full up Full against | Extremely oscil- Made from 1/4 to |Made from 1/l to 1/2 | Made 1/ of a
latory; alternate 3/l of a turn of a turn and went turn and went
rolling and yawing and went into into steep glide into steep
motion stalled glide or dive glide or dive
DO==== Neutral Very oscillatory, Made from 1/L to |Made 1/l of a turn Made from 1/4 to
inner wing dropped 1/2 of a turn and went into 1 turn and went
and model yawed and went into steep glide or into steep
into spin stalled glide inverted spin glide or dive
DO==== Full with Extremely oscil- Made 1/l of a Made 1/l of a turn Made from 1/l to
latory; alternate turn and went and went into 1/2 of a turn
rolling and yawing into a stalled dive and went into
motion glide steep glide or
dive
Neutral Full against Pitched and rolled | =  ===e-- - EE e e -

onto back; went
into left spin
when launched with
rudder against

rotation
DO==== Neutral Very oscillatory, Mader 1 /lilofhe AR s cmanacos R e -—-
inner wing dropped turn and went
and model yawed into stalled
into spin glide
DO==== Full with | =-=ccee-- do====== ~-= | Made 1/ to 1 cmceccacas | caceaa --
turn and went
into stalled
glide
Down (10°) | Full aegainst | Pitched into dive cecaman cecmcamcan R
DO==== Neutral Extremely oscil- Would probably ceeecceea- meecm—— -
latory; alternate have gone on
rolling and yawing its back after
motions approx. l% turns
DO==== Full with P dO=mmmcacaa Made 1/2 of a turn B mmecmea-
and rolled on
back

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE VIII
RESULTS OF SPIN TESTS OF A 1? SCALE II0DEL OF TUE XFG-1 GLIDER
‘I
= 5 o U
IN THE MINIMOUM FLYING WEIGET CONDITION WITH SPOILERS EXTENDED
[Model launched erect with spinning rotetion,
rudder full right; indicated controls reversed}
Des 01ipf13n of model g Plight path Flight psath
Elevator Aileron otiop (before { (after full rud- (after full ele-
setting setting ntrol wevarsal) L der reversal) vator reversal)
Bl up Full against Stalled glide @ | = ce;cece | ceeaes
DOow-== Neutral ———————— de===mm——— b s Went into steep
dive
Do=-=-=-=~ Full with | mmem————— dommmmmmmme | e Went into erect
i spin or
; inverted dive
Neutral Full against | —-=-======- dOommmmmmmme L e e
DO=--~~ Neutral = | =—=cecea—e-a AOo=mmmmmmee L e ——————
DO==m== Full with | ==-m—mm-- L e N e T e
Dewn (109) Full against Pitched into dive = | = sesmeew 0} amaeas
DOw~=== Neutral Axtremely oscil- Made 1A tupn - o} seewew
latory, alternate | and pitched
rolling and yawing | into a dive
motion i
Do=~=~ Full with | —===eem== do=mmmmmmee e e

NAL ADVISORY
B
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RESULTS OF SPIN TESTS OF

TABLE IX
1

#

«——=-SCALE MCDZL OF THE XFG-l GLIDER IN THE

17 .8

MINIMUM FLYING WEIGHT CONDITION WITH TEE LANDING GEAR JETTISONED

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

Elevetor
setting

1

Aileron
setting

Description of model motion
(before rudder reverssl)

Flight path
(after rudder reversal)

Full up (30°)

Full against

Neutral

Full with

Full against
Neutral

Pall with -

Full against

Neutral

Full with

Periodically pitched from a
flat to a steep attitude

Stelled glide, extremely
oscillatory in roll
Spin very oscillatory in

roll and pitch

Rolled and pitched on back

Stalled glide, very ascil-
letory in roll

e e m (O

Rolled and yawed into dive
or onto back

Stalled glide, very oscil-
latory in yaw and pitch
Stalled glide

Steep glide, extremely
oscilllatory in roll
and pitch

Same as before
reversal

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

Rolled into dive

Same as before
reversal

Stalled glide, ex-
tremely oscillatory
in rell

Stalled glide

#

—— - ——

"NATIONAL ADVISOR
CCMMITTEE FOs AZSRONAUTICS
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RESULTS OF SPIN TESTS O A

TABLE X
l - b iy )

-SCAIE MODEL OF THE XFG-1 GLIDER

17.8
IN THE MINIMOM FLYIRG WEIGET COEDITION WITH INCREASED WING DIHEDRAL
[Spoilers neutral; wing dihedral increased to 89; medel
launched ersct with spinning rotation, rudder full right;
rudder reversal from full right to full left]
Elevator Alleron Description of model motion Flight path
setting setting (before rudder reverssl) (after rudder reversal)
Full up Full with Stalled spiral glide Streight stalled glide
approximately 1/L
turn after reversal
DO=~~-~ Neutral | —====~——-c-- dommmmom e Do.
DO===~ Full egainst | =~=—wccca=e- dommmmm e Do.
Neutral Full with Wendering, wide radius spin Stalled glide l% turns
after reversal
DO= === Neutrel | —-==-=m-——m- e i Stalled glide 3/l turn
after reversal
De~---- | Full against | ==-==-==---- L T Stelled glide 1/2 turn
after reversal
Full down Full with Spin very oscillatory in Same as before reversal
(20°) pitch and yaw (made
approximately 1 turn in
flat attitude and 2 in
steep attitude, then
repeated)

NATIONAL ADVISORY
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RESULTS OF SPIN TESTS OF A —1 -SCAL

TABLE X - Concluded

3

17.8
MODEL OF THE XFG-1l GLIDER =-Concluded
Elevator Aileron Description of model motion 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 against

Went inverted

NATIONAL ADVISORY
COMMITTEE FOR ASRONAUTICS
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RESULTS OF

SPIN TESTS OF A 1

TABLE XI

17 <8

-SCALE MCDEL OF THE XFG-1 GLIDER IN THE

MINIMUM FLYING WEIGHT CONDITION WITH MASS RETRACTED LATERALLY

al:

ﬁK and I, decreased 20 percent of Ix from norma

spoilers neutral;

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

Aileron
setting

Elevator
setting

Description of model motion
(before rudder reversal)

Flight path
(after rudder reversal)

Fakl ap Full against

Neutral

DO====~ Full with

Neutral
DO===~

Full against
Neutral

Full with
Full against

DO====
Full down
(10°)

DO==== Neutral

Do==-=~ Full with

Stalled glide, extremely
oscillatory in roll,
pitch, and yaw

Stalled glide, extremely
osclllatory in roll

Steep dive

Stalled glide

Model yawed and pitched
into steep dive

Steep glide, very oscil-
lateory in“roll

Stalled glide, sometimes
dived into inverted
pasition

talled glide, very
oscillstory in roll;
rotation stopped in
1 turn
Stalled glide, extremely
oscillatory in roll;
rotation stopped in
2/l of a turn
Same as before reversal
Do,

Stalled glide, very
oscillatory in rolil
Same as before reversal
Doe.

Stalled glide

Model went into dive

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS







4

IN THE

Ix

ESULTS OF SPIN.T

MINIMUHM

model launched

wmam
T

increased 17 percent of Ix
erect with

TABLE XIT

17.8

FLYING WEIGHT CONDITION WITH MASS

S OF A 1 _SCALE MODEL OF THE

from normal;
spinning rotation, rudder full right;

XFG-1 GLIDER

SXTEYDED LATERALLY

spoilers neutral;

rudder reversal from full right to full left]
Elevator Aileron Descrintion of model motion Flight path
setting setting (hefore rudder reversal) (after rudder reversal)
Full up Mull against Stelled glide xtremely Stalled glide, very
(309) oacillatory in reil, oscillatory in roll
yaw, and pitch
| DOo===- Neutrﬁl ———————————— dOo=mmmm e - Do.
DO==== Full with | ~======-- cmemdO=m e ——— ————— Do.
Neutral Full ngalnsc lodel 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==== Full with Stalled glide, yawed and Stalled glide
banled %
Full down Full against Rolled and yawed into Dive
(10°) steep dive =
DO=~~~ Neutral Very oscillatory spin, Made more than 1 turn 2
whipping mction in roll and went into dive |
and yaw EQ
DO-=~== Full with | -==-ceeeae-- do==mm———— ————— meeeeeee =

NATTONAL ADVISORY
COMMITTEE FOR ABRONAYTICS







o i ] - i
RESULTS OF SPIN TESTS OF A = LE ¥ODEL OF THE XPG-1l GLIDER
s
IN THE MINIMUK FLYING WELGHT COl TH THZ CENTLZR OF GRAVITY
' FERCEN] OF HNORHAL

[Spoilers neutral; model launched erect with svinnin" rotation,

rudder full right; rudder reversal from full right to full lefﬂ

Flight path
Flevator Alleron Description of ‘model motion {(after rudder
geft ing L setting (nepc“e rudder rﬁvnxﬂﬂl) reversal)
Full up Full against Violently oscillatory in roll, | = =---~--
yaw, and pitch
DO===m=m— Neutral Stélled glide, very oscillatory ———————
in roll and yaw
DO===m—= Full with Stelled glide, very oscillatory |  =====w-
in rell
Neutrsal Full against Pitched and rolled onto bhack = | = ===----
DO-====== Neutral Stalled glide, very oscillatory | = -------

in roll, sometimes rolled
onto back

DO=~====- Full with Stalled glide, very escillatory
in roll _
Full down (10°) Full against Rolled and pitched onto back
DO==mmm—— Neutral Rolled and pitchked into
vertical or inverted position
DO=mmmmmm Full with Stalled glide, slightly

oscillatory in roll

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Blevator

setting

Full up
(30°)

DO===~~ eu
DOo==== ull witl
Neutral Tull ageinst
Do=-~~-- Neutral
Do===~ Full with
Full down Full ageainst

(10™)
DO=== Neutral
DO==== Tull with

TABLE XIV
1
(o

ERCENT FORWARD OF NORMAL

8-SCALE MODeEL OF THE XFG-1 GLIDER

li spinning rotation, rudder
from full right to full left]

Flight path

(after rudder reversal)

Steep wandering and very
oscillatory spin with
whip

Steep spin, extremely
wandering and oscillatory

Steep wandering and oscil-
letory spin with whip

____________ 6 {0 R S

Stalled glide,

oscil-

latory in roll

Same
Dive
Same

Went
in
1

1
n

Same
Wient

Same

as before reversal
or stalled glide
as bhefore reverssl

into a steep dive
greater than

turns

as before reverssl
into inverted dive

o

as before reverssal

ISHGT *oN MKW




RESULTS OF

TABLE XV
1

INVERTED SPIN T&ESTS OF A 17—8-SCALE MODEL

OF THE XFG-1 GLIDER IN THE MINIMUM FLYIN

WEIGHT CONDITION

]Epoilers neutral; model launched inverted with spinning
rotation, rudder full to pilotts right; rudder reversal

from full to pilotts right to full to pilotts lefti]

Elevator
setting

Aileron
setting

Descrintion of model motion
(before rudder reversal)

lp1ight path
(after rudder reversal)

SEilcle full
forward

Stick full

Inverted glide oscillatory

vade 1/ of a turn and

right in yaw glided inverted
(controls
together)
DO==== Stick Very oscillatory in yaw, Made 1/h of a turn and
neutral pitched into erect dived inverted
position
DO====~ Stiek fulil Spin wery oscillatory in Do.
left roll and yaw
(controls
crossed)
Stick Stick full | Oscillatory, pitched into vMade 1/l of a turn and
neutral right erect stalled glide dived into erect
(controls position
together)
1

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

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TARLE XV - Concluded

RESULTS OF INVERTED SPIN TESTS - Concluded

Elevator
setting

Aileron

4+ 3 o~
sebsing

Description of model motion
( £

be

o

fore rudder reversal)

plight path
(after rudder reversal)

Stieck
neutral

Do====

Stick full
back

DO=~-—

Do==~-~

Stick
neutral

Stick full
lef't
(controls
crossed)
Stick full
right
(controls
together)
Stick
neutral

SticleBulil
lef't

(controls

Oselllatory, pitched into
erect pesitilien: ereect
stalled glide once

Oscillatory, pitched into
erect position

Oscillatory, pitched into
erect stalled glide

Made 1/l of a turn and
went into erect
stalled glide

Made 1/l of a turn and
dived inverted

VMade from 1/l to 1/2 of
a2 turn and dived into
erect stalled glide

Mede 1/2 of a turn and
dived into erect
position

= Do.

L

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

NATTIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE XVI

RESULTS OF SPIN TESTS OF A-_;£§-SCALE MODEL

OF THE XFG-1 GLIDER IN THE FULLY LOADED CONDITION

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

Elevator Aileron Description of model motion Flight path
setting setting (before rudder reversal) (after rudder reversal)
Full up Full with Stalled spiral glide | =  emce=e-
DOow=== Neutral Stalled glide ———————
Do==-= Mull against | ===-cmece=c-- do==wmmm— e — ———————
Neutral Full with Spiraldive | eeeeee -
Domm== Neutral Made 1/2 turn, dived a Same as before reversal
short distance; motion
is repeated
Domw=== Full against Very oscillatory with wide Made 1/l turn and
radius; might be spin glided (moderately
or spiral glide steep)
Full down Full with Wandering spin with large Made 1 to 25 turns and
0 pitching oscillations;
(20%) yoiy Steob ggggsinto inverted
Dorme=ine Neutral | ===cccceccce- AO==mmm— - ——— Same as before reversal
Do====- Full against Pitched 1nto inverted spiln | =  e==ce--

NATIONAL ADVISORY
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TABLE XVII

T, B-SCALS MODEL OF THE XFG-1 GLIDER
(e

IN THE FULLY LOADED CONDITION WITH SPOILERS EXTENDED

[Model launched erect with spinning rotation, rudder
full right; reversal from full right to full leff]

Blevator Aileron Description of model motion Flight path
setting setting (before rudder reversel) (after rudder reversal)
Full up Full with Spirel glidke 1 eececee=a

DO==== Neutral | e-=cecmee—a—-- AOo=mmrmmmmmeme e | e

DO~==~= Full against | =~=====cmee=- dOo==meemmmmmemm | eememee

Neutral Full with | -==cececeee-- dommmmm e e Seme as before reversal

Do=-===~ Neutral | w--mmeeme—e do==mmmmm e e Do.

Do===~ Full against Wandering spin; one yawing Made 1/2 turn and went
oscillation per turn of into stalled glide
spin

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

{20°) into inverted dive

Do==== Weutral | —-emmmem———aa Qommmmm———————— ¥aede 3/l; turn and went

into inverted dive

DO===~ Full sgsinst Went into inverted spin | 00 ceeeee-

NAL ADVISORY
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TABLE XVIII

RESULTS OF SPIN TESTS OF A Q'Q-SCALE IMODEL OF THE XFG-1 GLIDER

« O

IN THE FULLY LOADED CONDITION WITH LANDING GEAR JETTISCNED

rudder full right; rudder reversal from full right to full leitj

: NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

[$n01lers neutral; model launched erect with spinning rotation,
Elevator Aileron Desecription of model motion Flight path
setting setting (bbiorﬁ rudder feve::al‘ (after rudder reversal)
Full up Full with Stalled glide ——————
DO==~~ Neutral | ~—-mmme—eee- dom=mmmm e L e
DO===- Full against | —==--c-=ce--- dOo===wmmmmemme } mmme——a
Neutral Full with wWide spiral glide oscil~ Same as before reversal
latory in pitch ]
DO= === Neutral | -=---ccemee-- do==mmeemm - Do.
DO=~~=- Full against Wide radius spin Made 1/2 turn and dived
Full down Full with Spin, osclllatory in reaill, Same as before reversal
(209) piteh, and yaw
DO==== Neutral Spin, oscillatory in Do.
pitch and yaw
DOo===~ Full against Spin, oscilletory in roll, Made 3%/l turn and went
, pitch, and yaw into stalled glide; or ‘
made 1/l} turn and went £
into steep inverted e
dive ?
NT







RESULTS OF SPIN TESTS

FULLY LOADED CONDITION WITH THE CENTER OF GRAVITY MOVED 5 PERCENT FORWARD OF NORM

i

l T AT ™ . e T o
T A 17—3—SCAL' MODEL OF THE XFG-1 GLIDER IN THE
.

RMAL

[Spoilers neutral; model launched erect with spinning rotation,

rudder full right; rudder reversal from full right to full left]

Blevator Aileron Description of model motion Flight path
setting setting (before rudder reversal) (efter rudder reverssl)
Full up Full with Went into a stalled glids -« 1 @ <et=mees
DO===-~ Neutral B s Ro R L I S
DO=~=-~ Full against | ~==w—r-c=—-= dom==mmmmmm e L e
Neutral Full with Steep spin Same as before reversal
DO====~ Neutral | —=cesmecee-- do==mmmmm Do.
DO==== Full ageinst | ~===—c-oee—--- do=mmmm Dived out after approxi-
mately 1 turn
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RESULTS OF INVERTED SPIN TESTS OF A

TABLE XX

-3CALE MODEL

OF THE XFG=-1 GLIDER IN FULLY LOADED CONDITION

[Epoilers 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 lefd

Elevator
setting

Aileron
setting

Description of model
motion (before
rudder reversal)

Flight path
(after rudder
reversal)

Stick full
forward

-

Stick
neutral

Stick full right
(controls together)

Stick neutral

Stick full right

(controls together)

Went into erect dive

Spun with violent
rolling and pitch-
ing oscillations

Went erect

llodel immediately

rolled with ailerons
into erect position,
pitched intc in-
verted position,
pitched back into
erect position and
dived.

Came out in a steep

erect or inverted
dive after 1/li turn,
model tended to
pitch into flat
inverted position

NATIONAL ADVISORY
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TABLE XX-- Concluded

RESULTS OF INVERTED SPIN THESTS - Concluded

Description of model Flight path
Elevator Alleron motion (before (after rudder
setting setting e rudder reversel) reversal)
Stick Stick neutral Went erect | ececaa-
neutral
Stick full Stick full right — | ==c=eec--- dommmmmm——— | eeeeeaa
back (controls together
DO=~~==~ Stick neutrel | —eeemseaea- domermrswmmae mmeeeaa
DO===- Stick full- left Increased reolling = | = —ce-ce-e- !
(controlas crossed) oscillations
ceused model to go
into ereect stalled
glide
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TABLE XXI

EFFECT OF SPIN-RECOVERY PARACHUTES ON RECCV

]

RY
CHARACTERISTICS OF MODELS OF THE XFG-1l GLIDER
[Loading as indicated; parachute towline attached to tailcone; spoilers

closed; eilerons neutral; recovery attempted by opening parachute;
rudder full with the spin during recovery attemot; right erect spinsj

e e comans G At e st ——— o e sy

Center-of- ‘Rats of ]
gravity et dan vertical
Bmlevator position, Diameter [ Towline descent (fps) Turns for
position |+ percent (feet) length (feet) (full-scale) recovery
M.A.C |1full scale) (full scele) (a)
Minimum flying weight
] oy ol bl
Full up 1 3.6 27 150 3
Full down 1l | 3.6 27 150 2l 22
' THE
Full up 1y .5 & 150 E, 1
3 1
Full down M 4.5 27 150 lﬂ"lﬁ

8Because «f the wendering and oscillatory nature of the spins,
the vdlues of the airspeed are very approximate.

b :
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TABLE XXI - Continued

OF SPIN-RECOVERY PARACHUTES - Continued

Center=of-

Parachute data

Rate of

gravity vertical
Rlevator vosition, Diameter Towline descent (fps) Turns for
position percent (feet) length (feet) (full scale) recovery
: M.A.C. (full scale) (full seale) (a)
Fully loaded
Full up 1 £ b 27 250 1, 1&, 2
rull down 1l E b 27 250 1, 2&
7
Full up 1 Tl 27 250 ﬁ, X
Full down 1y Tl 27 250 1&, 2
Full up 19 7.1 27 250 %
Z i &
Full up 1 Tt 1%.5 250 oy -
! L' L

8pecause of the wendering and oscillatory nature of the spins,
the values of the airspeed are very approximate.
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TABLE XXI - Concluded

EFFECT OF 3PIN-RECOVERY PARACHUTES - Concluded

!

Elevator
position

e

———

Full down

Full up .

Full down

Center-of-
gravity -

Parachute data

Rate of
vertical

position, Diemeter Towline descent (fps) Turns for
percent (feet) gth (feet) (full scale) recovery
M.A.C. (full scale) full scale) (a)
___Fully loaded
1l 2% 13,6 250 1, 1
19 Tal 1%.5 250 No effect of
parachute
19 T 13.5 250 1 32

Lo L

8Because of the wandering and oscillatory nature of the spins,
the values of the airspeed are very approximate.
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TABLE XXII.~ RESULTS OF LONGITUDINAL-TRIM TESTS

OF THE —L--SCALE

17.8

MODEL OF THE XFG-1 GLIDER

MR No.

L5K21

Ein!mum flying weight with pilot and landing gear; center of gravity as indicated;
spoilers and landing gear as indicated; allerons neutral; rudder nautraﬂ

Trim angles of attack, a, deg
Elevator
setting Spoilers Lending C.G. location Normal Large Inverted Remarks
(deg) __gear (percent MAC) flight reange positive
1

Free Neutral on U Smew L5 _27!

30U -=~do--- i 23 s

2u ~==do==-=- U 3 '22

N -==do=== U —e—e 3 =20,

1p ===do=== [ -==-do=---= i o 35 =27 Trimmed momentarily

2 at 0° (approx.)

2D do==- ——==dOm——— U ———— 32& -2

5D do=== | ====dO==== U ——— 5 -3

720 -==d0=== [ -=--do-=-- i ———- 25 -363

10D -==d0m== | ~cendom=== i ——— =37

Free Extended e U] 1 11 Lo

30U ===do=== | ===-do--=n i 2,5 ———-

10U ~==do=== | ==ecdo==== b —— 38 -18

5U ===do=== | ==--do==== T —-—— 33 -22

N ===do=== | ===edQm=== Uy ———— }2;— —26%

2o -=edo== | -=--do---- 1 213 -262

5D ===d0=== | ==eedo==== i 25 =90

iop ===do=== | =-=ndo=n-- U - -39

Free Neutral Jettisoned U ———— 34—% -28

30U ===do=-= | ====do===- U Ees 573 peEs

N ~==d0=== | ===udO=m== Uy ———— 26 -Zg

1p ===do=== | ===edo-==- Uy =5 35 =2 Trimmed momentarily

) at -3° (approx.)
2D eeedO==- —=m=dO==== 1 ——— 335 -30 Very sensitive

3p ~==d0o=m== | ===edo==== U, ———— 30 -28

5D =do--= | -===do==-- U S 25 =323

7&9 ~==d0e== | ==e-do==== U —— 23 -36 Very little force re-

2 quired for change
from erect to in-
verted attitude

10D ~==d0=== | ====dO=-a= U —— ——— -36

Free Extended b 3 -37

300 ~==do=== | -==-dom=== U ———- 5 ——--

N ~==do==~ | -==-do==-- i -—-- 21% -30

5p e | My S e Uy ey zz% -29%

7%D ~==d0o==~ | -===dO===- U Smes 2 =35

10D ~==do=== | ==-udo==-= I ———— -———— =Ly

Free Neutral on 19 ——— 59 =55 Slightly oscillatory
in both attitudes

30U P VS ceeadOe=e= 19 ——— ———— ———— Erect attitude, too
oscillatory to

1 determine reading

N “==d0=== [ -==-do-=-- 19 ——-- 355 -is

10D “==d0=== 19 25 ==

15D ~==d0=== | =me-do==--= 19 ——— '622

Free Extended mmmedQm——— 19 ———— Oscillated between
-65° and -71%°.
Did not trim at

1 any attitude

300 e L ceaadQem=a 19 ———— 265 ——— Oscilletd at times

between 2%0 and
o
355

N ~==do=== ====dOo==== 19 ———— }5% ————

10D ===d0=== | -===do==== 19 ——— —— -63

Free Neutral Jettisoned 19 héi =59 Both attitudes were

2 oscillatory. Elew-
vators were at maxi-
mum deflsctions for
both attitudes.

30U A Omwm | S m e - 19 e 68 ——— Erect attitudes were
oscillatory some-
times.

N ===d0=== | =ce-dommn= 19 3 -Lé

10D 19 2 =5

15p 19 20 -ZE

20D -~-do=-- 15 22 -

25D amadOemne 15 22 =69 Peused at erect atti-
tude, then rotsted
into inverted

20D esedouas . 19 ol -69 attitude.

Free Extended | ----do---- 19 R =51 Erect attitude, too
oscillatory to
determine reading.

30U -+=do-== | -===do==== 19 ——— 62 -10 Erect attitude, wes
sometimes oscillatory.

N o |l oot e 19 o 373 2 2

10D -==do--= | -=--do===-- 19 —=e= 26 -60 Both attitudes

slightly oscillatory.

NATIONAL ADVISORY
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TABLE XXIII

TUMBLING TESTS OF THE XFG-1l GLIDER MODEL

WITHOUT INITIAL ROTATION

[@odol released In a nose-up attitude simulating a whip stall.

Minimum flying welght; spoilers neutral]

Tunne 1l Rate of
Elevator Alleron Rudder airspeed descent
setting setting | setting | (full scale) | (full scale) Behavior of model
(fps) (fps)
20°y N N 28 100 Oscillated in pitch through al=-
most £180° measured from nose-
down attitude
N w~=d0=== | ===do=-=- 38 102 Do.
10°D ===dOe== | ===do=~-= 33 ———— Oscillated in pitch through al-
most +180° measured from nose-
down attitude into erect

" stalled attitude

30°U e==dO==- 25°L 33 SRl Oscillated in pitch through al-
most *180° measured from nose-
down attitude

N -==do-== | 25°L 38 ——— Do.

10°p e~=d0=== 25°F, 28 ———- Do.
30°y RAD, LAU N L9 -———- Do.

N «==dQe== | ===do== 49 -——— Oscillated in pitch through al-
most ¥180° measured from nose-
down' attitude into erect
stalled attitude

10°p e==dO=== | «==dO== h9 c———— Do.

N - Neutral
RAD - Right aileron. down
LAU - Left alleron up

NATIONAL ADVISORY
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TABLE XXIV.- TUMBLING TESTS OF THE XFG-1 GLIDER MODEL WITH INITIAL ROTATION

[hodol given initiel pitching rotation sbout lateral axis

Tunnel airspeed for all tests was 63 feet per second, full scale

MR No.

L5K21

Direction Rate of
of initial descent
Model loading Model condition Elevator Alleron Rudder pitching (full scale) Behavior of model
setting setting |setting [rotation (fps)
 Minimum flying |Landing gear on %0%y N N Negative — Stopped tumbling and
weight speilers neutral pitched into dive with
oscillations in pitch

N ~==dOo=== | ===d0=== |====dO==== 36 Did not stop tumbling

10°p ~==do==- | ===do=== |===edo==== 7 Do.

20°0 —madoe=- 25°L cee-dOmm== —— Stopped tumbling and
pitched into dive with
oscillations in pitch

Do - do - N -==do ZEgL ~ee=dO==== Did not stop tumbling

- a 109D ---do--= | 25°L Das

Do -do - 30°y RAD, LAU N ~meedQ=m== Stopped tumbling in in-
verted position and
rolled to pilot's left
into erect attitude

—— N -==do=== | ===do=== [=-=-=do==-~ Did not stop tumbling
10°p -==d0=== | ===d0=== | ~===dO==== Do.
30°y N ---do-== | Positive Do.
N we=d0=== | ===dO=== ~do= 97 Do.
10°p ~==d0=== | ===d0=== | ====do==== ——-- Stopped tumbling and
pitched into dive with
oscillations in pitch

Domcar—sl|lansmede T L 30°y -==do=== 25°L ~===do==== Did not stop tumbling

Do - do N ~do--- | 2591 -do- Do.

DOmeeenm |=ceeca- dom==en== 10°p do=== L ====do==== Stopped tumbling and
pitched into dive with
oscillations in pitch

....... (R 30°y RAD, LAU N ~mm=dO=m——— Did not stop tumbling
------- do==mmm—— N eeed0m== | ~==d0=== ~do==== Do.

-d —— 10°p e==d0=== | ===do=== | ====dOo==== — Stopped tumbling and
pitched into dive with
oscillations in pitch

Spoilers neutral 30°y N --=do-=-~ | Negative ——— Stopped tumbling and
landing gear pitched into an erect
jettisoned stalled attitude

N e==d0=== | ===d0=== | ~===dO==== Did not stop tumbling

10°p a d do=- Dos
20°D ~-=d0=== | ===do=== | ====do==== Do.
30°0 ---d0=== | -==do-== | Positive Do.

N eeed0=== | ===d0=== | ===cdo==== Stopped tumbling and
pitched into dive with
oscillstions in pitch

Do do - 10°p ~==d0=== | ===d0=== [ ====do==== e Stopped tumbling and
pitched into inverted
stalled attitude

do - 20°p —==d0=== | ===d0=== | ~===do==a= _— Do.
gﬁ ------ Landing gear on 30°y ---do=== | ===do-=~ | Negative — Stopped tumbling and
spoilers pitched into eredt
extended stalled position

Do do N e==dOm=== | ===d0=== | ~==edOo==== = Did not stop tumbling

SRR ISR dorananer 10°p ~==d0=== [ ===do=== | ===~do~ — Do.

Do do 20°p -do=== | ===d0=== | ====do===~ 95 Do.

Do a 30°U ‘ed0=== | ===do Positive 95 Do.

Do a N eend0e== | ===dO0=== | ====dO==== —— Stopped tumbling and
pitched into dive with
oscillations in pitch

10°D ~-=d0=== | ===d0=== [ ~===do==== ———— Do.

Do - 20°D 4 dom== | ====d e Do.

c.g. 5 percent |Landing gear on 30°y ===d0==- | ===do=-=- | Negative i Do.
forward spoilers neutral
d N wwmdO=== | ===dO=== Do.
R 10°D cned0ese | ceedome= Did not stop tumbling
d 20° ee=d0=== | ===d0=== | ====dO==== ———— .
30°0 «-=d0o=== | ==-do==~ | Positive — Do.

N ~==dOme= | ===d0=== | ~==edO==== ——— Stopped tumbling and
pitched into dive with
oscillations in pitch

10°p w==d0m== | me=ado==== Do.

20°D ~d0=== | ====dO===- Do.

3000 do--~ | Negative Do.

N wewdO=== | ===d0=== | ====dO==== Did not stop tumbling

10°p wemedO=== | ===dO=== | = do=- Do.

20°D -==do=== | ===d0=== | ~=--dO=-=== Do.
30°7 --=d0=== | ===do=== | Positive Do.

N w==d0=== | ===30=== | ====dO==== Do.

10°D wm=d0=== | ===d0=== | ====dO==== Do.

20°D we=d0=== | ===d0=== | «====dOo====~ Stopped tumbling and
pitched into dive with

Lﬁ oscillations in pitch

DO===== - | —————— L 30°D wcmd0=== | e==d0=== | ====dO===- ——— Do.

RAD - Right aileron down
LAU - Left efleron up
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MR No. L5K21

TABLE XXV

TUMBLING TESTS OF A ]'B-SCALE MODEL
T+

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

Epoilers neutral; ailerons and rudder neutral;
model given initial rotation about the lateral
axisy; the tests were run at an airspeed
of 102.1 feet per second, full scale]

Direction of
BElevetor initiel pitch- Behavior of model
setting ing rotation
all up legative Stopped tumbling and
dived
Neutral | ==-=--- dOwmmm—— Did not stop tumbling
Full down | ====-- do=mw—=== Do.
Full up Positive Do.
Neutreal ~mmm O Stopped tumbling and
pitched inte dive
[ Full down | w===-=- dOo==v-m-= Stopped tumbling

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS







MR No. L5K21

Elevator AH.L

Spoiler

Asleron A L.
8ocC

36.47
I 5 f
: L
2
y : 3 P e
& !
—/9.86 Rudder AL
937 (~——2~a30"
i NATI
V708 e
Ry : _
¢ Thrust 5 "Lt
o

Frgure [ Skeltch of the e SCale mode/
of the Cormelius XFG -/ glider as tested
m Lhe free-spmmng tunnel. Center-or-
gravily pos/tion sktowrn for the IR
Tlving weight condition







Normal condition, spoilers extended.

Normal condition-landing gear jettisoned.

Figure 2.~ Photographs of the 1,7]'8—scale model of the Cornelius XFrG-1 glider.
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N—Dsrection of airstream
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Figure 3 .- Skefch showing a 7128-Scale /mode/ oF rhe KFES g4der /p
the Wwirée rrg wsed for Fhe [ongi/ladinal 1rimm Fesrs.
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MR No. L5KZ21

(@) A/';a/aﬂe .

A O MYode/ prrirriir
g weght

@ NMoak/ Fully /ooakd

S
/20

S
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5

fRe/arive mass aistribytion
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17 Creasec)

8
¥
%@

N

Vg
5 3

[z"j*

O -~ 40 60 B0 /A0 ~20 30 A /80 200 r/0-*
L~1;  Aelotive moss oistribution

mb* 1ncreased along 1hHe WINgS

— e

Frgure 4 /793 parameters for /oadings possible
orn 718 XFG-/ glider and For Joodirios
resied or 7he rmode/. (Lowts ore For /oocngs
Vrsted 1n fable 77 and 77 ) NATIONAL ADVISORY
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L5K21

MR No.
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