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THE INFLUENCE OF DIMENSIONAIL. MODIFICATIONS UPON THE SPIN AND
RECOVERY CHARACTERISTICS OF A TATLIESS ATRPLANE MODEL
HAVING ITS WINGS SWEPT FORWARD 150 (CORNELIUS XFG-1)

By Ralph W. Stone, Jr., and Iee T. Daughtridge, dJr.
SUMMARY

An investigation has been conducted in the Langley 20-foot free-
gpinning tunnel on a -scale model of the Cormelius XFG-1 glider, a

17.8
tailless design having7its wings swept forward 150. It was previously
found to possess erratic spin and recovery characteristics, and tests
were made to determine modifications which would lead to normal steady
spins with consistently good recoveries.

The results of the investigation indicated that modifications that
did not apprecliably alter the basic design did not appreciebly improve
the spin and recovery characteristics. In this instance it appears that
the sweptforward wing is the cause of unsatisfactory spin and recovery
characteristics.

TINTRODUCTION

Tests of models of the Cornelius XFG-1 glider have been made in the
Langley 20-foot free-spinning tummel and are reported in references 1
and 2. These results showed that the glider would spln srratically and
that full reversal of the rudder followed by full reversal of the elevator
would be necessary to stop the spin and to regain normal flight. Emphasis
was made on the fact that care must be exercised by the pllot in order to
avoid entering an inverted spin followlng recovery from the erect spin.
Subsequent to the model tests, spin tests were made on the second full-
scale Cornelius XFG-1 glider (the first glider having been lost during the
initial full-scale spin tests. (See reference 2.) During spin tests of
the second glider, the pilot was able to recover from a spin in one attempt,
but in another attempt use of a spin-recovery parachute was necessary. The
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pillot felt that because of the oscillatory nature of the spin, the sequence
of control movements required for recovery was too critical and that recov—
ery by control movement might not always be poasible.

In view of the difficulties encountered with this design and because
of gemeral interest in tailless airplanes, Air Materiel Commend,
U. S. Air Forces, requested further tests of the Cornelius XFG-l glider
design in the Langley spin tunnel to determine modifications which would
cause a normal steady spin with consistently good recoveries.

The present tests were performed with a model ballasted to simmlate
the loading of the second glider during its full-scale spin tests. During
this investigation, determination was made of the effects of increased
rudder deflections, of increased rudder chord, of installation of slats,
spoilers, ventral fins, and horizontal tails of varying size and aspect
ratio, of increased vertical-tail length, of wing fillets, and of changes
in wing aspect ratio.

SYMBOLS

b wing span, feet

S wing area, square feet

[ mean aerodynsmic chord, feet

x/ c ratlo of distance of center of gravity rearward of leadlng
edge of mean eserodynamic chord to mean aerodynemic chord

z/E ratio of distance between center of gravity and fuselage
center line to mean asrodynamic chord (positive when
center of gravity is below fuselage center line)

m mass of glider, slugs

p air density, slug per cubic foot

° relative density of ailrplane ( >

Ix, Iy, Ig moments of inertia about X-, Y-, and Z-body axes, respec-
tively, slug--fee’c2

IX - Iy

—_— inertia yawing-moment parameter

mb2 .
IY - IZ

inertia rolling-moment paramster
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I, - Ix
—— inertia pitching-moment parameter
mb2
a angle between fuselage center line and vertical (approxi-
mately equal to absolute value of angle of attack at
plane of symmetry), degrees ;
¢ angle between span axis and horizontal, degrees
v full-scale true rate of descent, feet per second
full-scale angular velocity @bout spin axis, revolutions
per second
o helix angle, angle between flight path and vertical, degrees
B approximate angle of sideslip at center of gravity, degrees
(Sideslip is inward when the inner wing is down by an
amount greater than the helix angle.)
APPARATUS AND METHODS
Model
A new 1 -gcale model of the Cornelius XFG-1l glider was used for

17.8
these tests. The model was built by the Langley Laboratory with provisimas
for dimensional modifications for the present investigation. A three-view
drawing of the model 1s presented in figure 1. The dimensional character-
istics of the full-scale glider are given in table I. Photographs of the
model are shown in figure 2.

The model was ballasted with lead weights to obtain dynamic similarity
to the glider at an altitude of 28,000 feet (p = 0.000957 slug per cubic
foot). This rather high altitude was necessary in order to permit accurate
ballasting of the model, which was built strongly and heavily to avoid
frequent damage during testing. A remote-control mechanism was installed
in the model to actuate the controls for recovery tests. Sufficient
moments were exerted on the control surfaces during recovery tests to move
the controls fully and rapidly.

Wind Tunnel and Testing Technique
The model tests were performed in the Langley 20-foot free-spinning

tunnel, tho operation of which 1s similar to that described in reference 3
©~w +ha Langley 15-foot free-spinning tumnsl. The techniques used for
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obtaining and converting data for the present free-spinning tests were
the same as those used in references 1 and 2 and described in reference 3.

Spin-tunnel tests are made to determine the spin and recovery
characteristics of the model for the normal-spinning-control configuratim
(elevator full up, aileron neutral, and rudder full with the spin) and at
various other aileron-elevator control combinations, including zero and
maximum deflections. Recovery is normally attempted by rapid, full rudder
reversal, although, for the present investigation, some recoveries were
also attempted by various combinations of simmltaneous’ rudder and elevatar
movements. The criterion for a satisfactory recovery in the tumnel has
been adopted as two turns or less by rudder reversal or a combination of
rudder and elevator reversal. Thisg value has been selected on the basis
of spin-tunnel experience and on the basis of compareble full-scale sgpin-
recovery dats that are available.

Precisicn

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

o, degree . « o .
¢, degres . . . .
V, percent . . .
Q, percent . .
Turns for recovery
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The preceding limlts may have been exceeded for the spins which were
wandering or extremely osclllatory and, therefore, difficult to control in
the tumnel.

Comparison between model spin and airplane spin resulits (references 3 °
end %) indlcates that spin-tunnel results are not always in complete agree-
ment with airplane spin results. In general, the models spin at a some-
what smaller angle of attack, at a somewhat higher rate of descent, and at
from 5° to 10° more outward sideslip than do the corresponding airplanes.
The comparison maede in reference 4 for 21 airplanes showed that approxi-
mately 80 percent of the models predicted satisfactorily the number of turns
required for recovery from the spin for the corresponding airplanes and
that approximately 10 percent overestimated and approximately 10 percent
underestimated the number of turns required. It cannot be stated for
certain whether or not this applies to such an unusuwal configuration as
that of the Cormelius XFG-1 glider as the comparison mentioned above was
made for conventional airplanes; however, existing full-scale results on
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the Cormelius XFG-1 glider are in general agreement with spin-tunnel model
results, especilally with regard to the general oscillatory motion of the
spin and the rates of descent and rotation.

Because it is impracticable to ballast the model exactly and because
of inadvertent damage to the model during tests, the measured weight and
mass distribution of the model varied from the true scaled-down values
within the following limits:

Weigtlt, Percent e ®© ® @« 8 © @ ®© @ e+ ® & @ © ® & @ e e » From O to 2 high_
Center-of-gravity location, percent ¢ « . « . . . . From O to 2 rearward
Moments of imertia: .

Iz, percent « o o o o o o v v v s o0t e e e From 1 high to 9 high

IY,Percent L R T .From210‘wt016high
IZ, Percent ® @ ® e e 6 e & 8 e+ & e e + e = @ From 2 high. ’tO 16 high

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

e L] - L] . L] o * L ] L ] L] . L] L] L] L] i]-
pa §

. . . . . . L3 . . . . . . . . . -i-5

Welght, percent « « « « o o ¢ « o .
Center-of -gravity locatlon, percent
Moments of inertia, percent . . . .

e Q]

Controls were set with an accuracy of *1° .

Test Conditions

A list of the conditlons tested on the model is presented in table IT,
and sketches of the modifications used for the various conditions are pre-
sented in figures 3 to 1%. For some of the conditions tested, the aspect
ratio of the wing was changed. (See fig. 9.) This change was obtained by
decreasing the span of the original wing.

A1l the tests except those with the decreased wing aspect ratios were
performed with the model loaded to represent the second glider as it was
loaded when flight-tested; this loading is subsequently referred to In
this paper as the normal loading. For a few tests, the center of gravity
was moved rearward from the normel position, and for other tests, the

I, -1
inertla yawing-moment parameter _X____z_f was Increased positively. The

mb
loadings for the two cases in which the wing aspect ratio was decreased
were arrived at by keeping the model wing loading constant and by decreasing
the moments of inertia about all three body axes in proportion to the
resulting decrease in weight; in each case the center of gravity was moved
in order that i1t would remain at a constant percentage of the mean aero-
dynamic chord, which increases in length as the aspect ratio decreases.

The mass characteristics and inertia parameters for the glider loading and
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for all the loadings tested on the model are given in table III. The
inertia parameters for the actual model loadings tested and for the full-
scale glider loading are plotted in figure 15.

The maximum control deflectlons used in the tests were as follows:

Rudder, degrees « « « « » o« o o s o o o « s + o « o o+ « 25 right, 25 left
Flevator, degress « « + ¢« « + + ¢« ¢ ¢ ¢« ¢ Ve s s s s+« 30 up, 20 down
Allerons, degrees . « « ¢« ¢ o o ¢« o s o o s s s o o+ o 20 up, 15 down

Alternate and intermediate control deflections used were as follows:

Rudder, dogrees « « % « o « o + o ¢ o o ¢ o o o o e 0 o 0 o .. U5 right
Elevator, two—thirds down, degrees . . « « ¢« ¢« ¢ ¢ o « ¢« ¢« o « o . . 14
Elevator, cne—third down, degrees . . « « « « « ¢ ¢ ¢ ¢ ¢ o o« o . . LT

RESULTS AND DISCUSSION

Before starting the regular test program, repeat spin tests of the
model in the original XFG-1 conflguration were mede and the results are
presented in chart 1. The results of tests of model conditions involving
revisions which had little or slightly adverse effect on the spin and
recovery characteristics are presented in table IV. Charts 2 to 5 present
the results of model conditions in which the revisions tested improved the
spin and recovery characteristics. All the tests &re presented for spins
to the pilot's right; however, check spins were made periodically to the
pilot's left bto insure that the model performed symmetrically and that the

results presented were a true representation of expected full-scale resulis.

Original Condition

The results of tests with the model in the original configuration
(chart 1) are in general agreement with the results for corresponding
conditiona reported in references 1 and 2. In general, the model spun in
a Tlat stalled attitude and was oscillatory about all three axes. The
rotation about the vertical axis was stopped by rudder reversal, but when
the elevators were up or meuntral the model usually remained in a stalled
glide after the rotation had ceased. Recovery tests made by movement of
both the rudder and the elevators showed that movement of the elevators
to full down made the model dive from 1ts normally flat stalled attitude.
Figure 16 is a reproduction of a motion picture of a spin of the model in
the original condition at the normal control configuration for spinning
(stick full back and laterally neutral, and rudder full with the spin).

The oscillations obtained on the model are similar to those reported
for conventional type alrplanes in reference 5. Reference 5 indicates,
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however, that changes in mass distribution such as to increase positively
or decrease negatively the value of inertla yawing-moment parameter lead
to steady spins or at least less violent conditions. Variations in mass
distribution on the XFG-1 design (table IV and reference 1) did not
influence the osclillations obtained and it 1s believed therefore that the
oscillations are the result of the swept-forward tailless configuration
rather than the distribution of mass or of side area as indicated for
conventional airplanes in reference 5.

The pilot's report of the spin tests of the second XFG-1 glider
substantiated the general characteristics of the spin as cobtained on the
spin-tunnel model. As previously indicated, however, he felt that the
necessary control movements required for recovery were too critical and
that recovery may not always be possible. It may have been that, because
of the oscillatory motion, the pilot found it difficult to properly orient
himself to make the proper control movemenis. Also because of the violence
of the osclllatory motion, the glider may have entered an inverted condi-
tion during recovery so rapidly that the pilot was not aware that the
glider had passed through the unstalled region. Danger of rapidly entering
such an inverted condition is indicated by the results of chart 1 and
warning of this danger was made in references 1 and 2.

The results of numerous revislions made to the model in its original
condition which had negligible or adverse effects on the spin and recovery
characteristics of the model are presented in table IV(a). In order to
expedite the test program, many of the revisions presented in table IV
which did not appear very promising were not tested completely. The tests
were made for various representative control configurations and the results
80 obtained were considered an indication of the degree of effectiveneas
of the revision. These results are not discussed in detall but are pre-
gented as an indication of the variety of modifications considersd and as
an indication of the difficulty of making the XFG-1 configuration satis-
factory as regards normal steady spins with consistently good recoveries.

Increased Verticel-Tail Length

Consideration of +the problem indicated that possible improvement of
the gpin and recovery characteristics of the XFG-1 design could be obtained
if the vertical tail and rudder were more exposed in spinning attitudes.
In order to unshleld the rudder from the wake of the wing, the vertical
tall was moved rearward, a distance equal to one-half the mean asrodynamic
chord. (See fig. 10.) The results of tests with the vertical tail in
this position are presented in chart 2. Camparison of the results in
chart 2 with those in chart 1 showed scme improvement in that there appeared
to be more of a tendency for the model to spin at somewhat steeper average
attitudes. The violence of the osclillations were, however, nearly as great
ag for the original condition and the down movement of the elevators for
regalining unstalled flight was still nscessary. Figure 17 is a reproduction
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of a motion picture of a gpin of the model with increased veritical-tail
length for the normal control configuration for spinning (rudder full wita
the spin, ailerons neutral, and elevators full up).

The results of tests of several other revisions to the model, with
the vertical tail in its rearward position, which had 1little or no addi-
tional effect on the spin and recovery characteristics of the model, are
presented in table IV(b).

Tnstallation of Horizontal Fins and Strips

Results of the tests presented in table IV(b) indicated that
installation of horizontal fins and strips had a small Tavorable effect
upon the spin and recovery characteristics and, accordingly, these modi-
fications were tested in combination with increased tail length. The
results of thess tests are presented in charts 3 and L for two center-of-
gravity positions and indicate a definite btrend for the spins to be at a
steeper average angle of attack than were those for the model without
these revisions. The spins, however, were still osclllatory as were those
for the unrevised model. Figure 18 is a reproduction of a motion picture
of a 3apin of the model in this condlitlon for the normal control configi-
rations for spinning. The results of recovery tests showed a deFinite
improvemsnt in the required recovery procsdure in that it was necegsary
only to neutralize the rudder and %o move the stick to only two-thirds
forward to obtaln satisfactory recoverieg. The dangsrs coincident #ita
the nscessary control movements for the unrevised design are in part
avolded in thet merely neutralizing the rudder will not be conducive to
starting the inverted spins warned against, and movement of the stick to
only two-thirds forward will not cause the airplene to go into an invsrted
attitude a3 readily. Tt ig believed, howsver, that some of the difficulties
encountsred in full-scals gpins for the original design may still be
encountered primarily because of the oscillations which peraist sven with
these revisions. A comparison of the rssults of charts 3 and 4 indicats
only little effect of rearward center-of-gravity wmovement on the spin and
recovery characteriastica.

Comparison with Sweptbatk Tailless Designs and Effect of
Adding a Horizontal Tail

Inasmich as none of the modifications investigated was effective in
eliminating the oscillatory spimming characteristics, a comparison was
made with results of spin-tunnel tests of sweptback tailless configuratims
and the effect of adding a horizontal tail was investigated. The compari-
son wilth the 3pin characteristics of models of several aweptback tailless
_ designs indlcated that none had the oscillatory spinning characteristics
of the sweptforward XFG-1 design. For one design having its wing swept
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back 350 and having unshielded vertical fin and rudder area, steady spin
and satisfactory recoveries were obtained. 1t appears, therefore, that
the difficulty encountered in the present investigation may be attributable
to the forward sweep of the wings. Tesats with a horlzontal tail installed
(chart 5), however, indicate that wlth such an instaellation normal steady
spins and satlisfactory recoveries can be obtalned. It aeppears, therefore,
that the unsatisfactory oscillatory spinning characteristics of the

XFG-1 design are the result of the sweptforward end tailless combination.

CONCLUSIONS

Based on the results of tests of a 1 -gcale model of a tailless

17.8
design having its wings swept forward (Cornelius XFG-1 glider) , the

following conclusions regarding the spin and recovery characteristics of
the alrplane are made:

l. Revisions which do not appreciably alter the basic design will not
appreclably improve the spin and recovery characteristics of the airplane.

2. In this instance it appears that the sweptforward wing is the

cause of unsatisfactory spin and recovery characteristics.

Langley Aeronsutical Laboratory
National Advisory Commititee for Aeronautics
Langley Field, Va.

Gofeli . Lowe f.

Ralph W. Stone, Jr.
Aoronautical Research Scientist

plop Ltz el 2eclor Qu -
Leo T. 'Da.ugh{rid.ge, JI?[ //4%; RS,
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Chisf of Stability Research Division

RCM



10 NACA RM No. SL8HLT

REFERENCES

1. Stone, Ralph W., Jr., and Daughtridge, Iee T., Jr.: Free-Spinning,

Longitudinal-Trim, and Tumbling Tests of —= —Scals Models of the
Cornelius XFG-1 Glider. NACA MR No. I5E21, 19k45.

2. Stons, Ralph W., Jr., and Daughtridge, Lee T., Jr.: Elsvator and
Rudder Forces Required for Recovsry from Spins of the Cornelius
XFG-1 Glider, and Supplementary Spin Tests of a Scale Model.

NACA MR No. I6D30, Army Air Forces, 1946.

17.8

3¢ Zimmermen, C. H.: Preliminary Tests In the N.A.C.A. Free-Spinning
Wind Tunnel. NACA Rep. No. 557, 1936.

4. Seidman, Oscar, and Nelhouse, A. I.: Comparison of Free-Spinning
Wind-Tunnel Results with Corrssponding Full-Scals Spin Results.
NACA MR, Dec. T, 1938.

5. Stone, Ralph W., Jr. and Klinar, Walter J.: The Influsncs of Very

Heavy Fuselage Mass Loadings and Long Nose Lengths upon Oscillations
in the Spin. NACA TN No. 1510, 1948.



NACA RM No. SLEHLT

TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE CORNELIUS XFG-1 GLIDER

Wing span, £t . . . . « . « « . o o . . .

~

Iength over &11, £t . . . . . . . . . . .

Wing:
Area, sq £t . . . . . o o o000 . L
Incidence, deg
Root v v ¢ ¢ ¢ ¢« v v v v o 0 v v e
TiP ¢ o ¢ ¢ o o o o o o o o« o o o o
Aspect ratio . . . . . ..
Dihedral along quarter- chord line, deg
Sweepforward at quarter-chord line, d.eg
Mean aerodynamic chord, in. . . . . .

Ailerons:
Area (rearward of hinge line), sg ft .
Span, in... . . . . . . .

Chord (rearward of hinge line) , percent wing

Elevator:
Aresa (rearward of hinge line) ,sq v .
Span, in.. . . . . . .

Chord (rearward of hinge line) s percent wing

Vertical tail:
Area, sq £t . . . . . .. ... .
Span (from center line of glider), 1n.
Rudder area, sa £t . . . . .

e e e e e e e e .. 54
e e e e e e e .. 290

. . 31.6
e e e e e 171.25
chord.. « e e« . 20
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TABLE IT.- CONDITIONS TESTED ON THE L-S‘i).stuE‘ MODEL OF THE CORNELIUS XFG—1 GLIDER

17.8
Data on
Humber Loading Modifications Figure
Chart |Table
Original vertical taill

1 Normal Tone ' 1

2 Hormal Alternate rudder deflection ) - Iv -—
3 Hormal 50-perceut-yrw1dar-cho;d increase ——— v 3
y Normal Sharp-leading-edge wing ' - _— Iv -—
5 Hormal Wing-tip extension with negative dihedral -— Iv 3
6 Hormal Ventral fin -— | 5
7 Normal Horizontal fins A ——— v 6
8 Normal Horizontal fins B - in 6
9 Normal Horizontal fins C L —— v 6
10 Horn;l Horizontal fins D -— Iv 6
n Hormal Horizontal fins E - v 6
12 Normal Horizontal fins F ——— Iv 6
13 Normal Horizontal fins G -—- v 6
1k Tormal Spoilers A ——e | IV T
15 Normal Spoilers B -— v T
16 Hormal Spoilers C — v 7
7 Hormal Spoilers D 7 -— ha T
18 Normal Spollers E —— v T
19 Rormal Slats A i — v 8
20 Normal Slats B - Iv 8
2 Normal Slats C - v 8
22 Hormal Slat B - inboard wing e | ™ 8
23 Normal Slat C - inboard wing ——- v 8
2k Normal Wing A (aspect ratio 5.67T) ——- v 9
25 Normal Wing B (aspect ratio 3.58) - v 9
26 Normal Wing A - squared wing tips — iv 9
27 Normal Wing A - slat B - lav 8,9
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TABLE IX.- CONDITIONS TESTED ON THE -]%—-SCAIE MODEL OF THE CORNELIUS XFG-1 GLIDER - Concluded
Data on
Humber Loading Modifications Figure
Chart | Teble
Original vertical tail
28 Hormal Wing A - slat C - outboard wing ~—- v 8,9
29 Normal Wing A - squared wing tips - slat B -— iv 8,9
30 Normal Wing A - slat B - on inboard wing ~— iv 8,9
31 Hormal Wing B - decreased fuselage length ~—- v 9
32 ormal Wing B - slat A - | T 8,9
33 Normal Wing B - slat A - inboard wing — | IV 8, 9
34 Normal Wing B - squared tips - slat A — v 8,9
35 Normal Wing B - squared tips - slat A - inboard wing ~— v 8, 9
' “Increased vertical~tail length

36 Hormal Tone 2 —-—— 10
37 | Iz and I, increased | Nome ROV B 4 10

159 percent IX
38 | Iy end I, increased | Nome -—- v 10

319 percent .'l:x
39 Normal Wing f1llets A ~—— v i0, 11
ko Normal Wing £illets B -—— v 10, 11.
L1 Hormal Wing f£illets C .- v 10, 11
%] Hormal Horizontal strips A -—— Iv 10, 12
43 Hormal Horizontal gtrips B -— v 10, 12 -
Iy Norma). Horizontal strips C -—- ] IV 10, 12
ks Hormal Horizontel fins A -——— v 10, 13
46 Normal Horizontal fins B - v 10, 13
47 Normal Horizontal fins B - horizontal strips C 3 --- 110, 12, 13
L8 C.g., 5 porcent & Horizontal fins B - horizontal strips C L --~ 110, 12, 13

rearvard
L%) Normal Horizontal fins C —-- v 10, 13
50 Normal Horizontal fins D -— v 10, 13
51 Normal Horizontal tail A 5 :-- 10, 1k

13



TABLE III.- MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR THE LOADING OF THE CORNELIUS XFG-1 GLIDER AND

FOR LOADINGS TESTED ON THE MODEL

Edodel values converted to corresponding full-scale values end moments of inertia are given about the center of gra.vity]

Relative .
Center-of -gravity airplane Moments of ilngrtia
location density (slug-feets) Mass paremeters
13
Condition w?i%})lt
Alti- - - -
x/s 28 Sem |tude of | T I I Ir- Ly I, -1, 1, - I,
level | 28,000 X Y 4 5 5 5
feet pute mb mb
Glider walues
Normel loading 4she 0.20 0.02 3.09 7.67 | 4805 | 4510 | 8600 | T.2 x 07 -99.5 % 074 92.3 x 107k
Model values
e orig?l.g:l ey 4561 0.20 0.2 | 3.0 | 7.70 | w70 | Mhey | 8801 | 10.7 x 107% | -205.9 x 10™* | 95.2 x 207
N°maspmeizaf.ia’gé 5.67 3814 0.17 0.02 | 4.05 | 10.07 | uou3 | 3839 | 7258 | 10.2 -7 160.8
Normal loading, . 6 L o6 W |- 208 )
aspect ratio 3.58 2913 0.19 0.02 13 15.2 99 | 3210 | 3347 {-71.5 298.9 370-
N°“1“Zigi§2m tal1l 4530 0.20 0.02 3.08 7.65 | 4831 | 4483 | 8694 | 8.5 -102.6 gh.1
C'gl';nztﬁz::zn:aflre e 4530 0.25 0.02 | 3.08 | 7.66 | 4829 | sk | 8715k | 7.0 -102.4 95.6
IX and IZ increased
159 percent Iy, lengthened| 5030 0.20 0.02 3.42 8.%9 |12,526| 4483 |16,3891176.6 -261.4 84.8
tall
IX and Iy increased
319 ypercent Iy, lengthensd| 5531 0.20 0.02 3.76 9.34 [20,221] 4483 | 24,083{31k.1 -391.2 7.1
tail

WTJ

LTHQIS °ON WM VOVN
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|:Model condition and loading as indicated; model was launched with spimning rotation to the right; rudder full with

TARLE IV.- EFFECT OF REVISIONS ON THE SPIN AND RECOVERY CHARACTERISTICS (F A —-J'—'-SCAIE

MODEL CF THE CORNELIUS XFG-1 GLIDER

the spin; recovery attempted by rudder reversal except as indicate

17.8

Rocovery for aileron
Condition Model condition position indicated
nun(ﬂ:e)sr Remarks
a Elevator Full Full
Rovision or combination of revision positicn inst Noutral with
(a) Original vertical-tail length
w | 33 |23
Alternate rudder deflectlong Hotion obtained similar
2 (45° with the spin to 25° Teutral i1 1 to that of unrevised
against the spin for recovery) Yy 2 2 model (chart 1)
13
Down =
y’ 4
11 11
U ¥y | ¥E
3 50~porcent~-rudder-chord increase Do.
THeutral R
2" 2
1 1
o (m, @] g | %
L Sharp-leading-edge wing Heutral | (b), (e) % %l_: 1 To-
‘ 1 1
Down (), () | 1, 3 3
Wing-tip extensions, with negative
3 mgiher(;ral ’ e Ty () (v) Do.
1l 1
Up =, =
¥y
6 Ventral f£in Do.
Heutral _]:, i
L 4
Up d%
T Horizontal fins A Do.
Down -
8 Horizeontal fins B Up | - To.
9 Horizontal fins C Up - Do.
10 Horizontal fins D Up - Do.
o. Motion obtained similar
1) >
11 Horizontal fins E 2 1, 4 but somswhat stesper
Doim e>3 than that of unre-
vieed model (chart 1)
Motlcn obtainsd similar
12 Horizontal fins F Up -—— to that of unrevised
model (chert 1)

20ondition numbers refer to condition numbers of table II.
1olently oscillatory.

CModel goes inverted during oscillations.

‘Rocovery attempted by similtanoons neutralization of rudder and elevator.

Svisual estimate.

15
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L4
TABLE IV.- EFFECT CF REVISIONS ON THE SPIN AND RECOVERY CHARACTERISTICS OF Al—';L?SCALE
MODEL OF THEE CORNELIUS XFG-1 GLIDER - Continusd
Recovery for aileron
Condition Hodel condition position indicated
mm(mgr Romarks
a Elevator Full Full
Rovision or ccmbinaticn of revisions position | agatnst Heutral with
(a) Originel vertical-tail length
Motion obtained similar
13 Horizontal fins G Up ——— to that of unrevissd
model (chart 1)
o [- 398 -}
i Up TJI to 2 % to%‘ ---
k173 Spoilers A Do.
Down -—
15 Spoilers B Up . —_— To.
16 Spollers C Up — — Do.
Up ——
7 Spoilers D Do.
Down -—
Motion obtained similax
to that of unrevised
—_— model except rotation
18 Spollers E Up about spin axis is
stopped without control
movemsnt.
T >5 Motion obtained flatter
19 Slats A P (with adverse effect on
Houtral 56 recoveries) than that
. of unrevised modsel
1 i1
Up 13 27 2 Motlon obtained simllar
20 Slats B 1 3 to that of unrevised
Heutral % model. (chart 1)
Up —— -] !'-, ;
L2 Mot%on obtained flatter
with adverse effect
2 Slats C Neutral >4 on recoveries) than
that of unrevised modsl
Down >4
11 i
Tp Vi -— - Motion obtainsd similar
22 Slat B - inboard wing to that of unrevised
Neutral _—— modsel (chart l)
1l 1
Up e o o
23 Slat C - inhoard wing Do.
HNeutral ——
1 1 1
T; = = =
® 2 i m
. Motion obtained similar
e 3 1 to that of unrevised
ah Wing A THeutral T 2 model except oscil-
1 lations more violent
we | — | %1

8Condition numbers refer

Svisual estimate.

to condition numbers of table II.
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TARLE IV.~ EFFECT OF REVISIONS ON THE SPIN AND RECOVERY CHARACTERISTICS CF A l': 8 SCALE
MODEL OF THE CORWELIUS XFG-1 GLIDER - Continued
Rocovery for aileron
Condition Model condition position indicated
nm?'bgr - Romarks
a Elevator Full Full
Revision or combination of revisions position | against Neutral with
(2) Original vertical-tail length
Up 11
% Motion obtainad similar
25 Wing B 11 to that of umrevised
Neutral >3 model (chart 1)
Up —-
26 Wing A - squared wing tips Do.
) Down .-
3 el
‘ Up i 3.
27 Wing A - slat B Do.
Noutral -’E, 1,3
vp % > [ 5ol
[ 2 Moticn obtained flatter
(with adverse effect
28 Wing A - slat C - outboard wing Neutral >k on recoveries) than
that of unrevised model
Down >
i
11 1
P 2% | 33 y
N Motlon obtained similar
Heutral 2,53 = but somswhat steepsr
29 Wing A - aquared wing tips - slat B[ f® >5 s ‘E R ot of P
3 1 vised model (chart 1)
Dovn 1,33 P h 1
Up -— -—— %
Motion obtained gimiler
30 Wing A - slat B - inboard wing Heutral 1 to that of unrevissd
L model (chart 1)
Down ——
Up . Motion obtained similar
but somswhat steeper
31 Wing B - decreased fuselage length —— — £ that of vised
model {chart 1)
. 1 Motion obtained similar
32 Wing B - slat A Up Z to that of unrevised
model (chart 1)
Up ——-
33 HWing B - slat A - inboard wing Do.
Neutral ———
L] Up ==
34 Wing B - squared tips - slat A Do.
Neutral -—-
Up -—
35 Wing B ~ squared tips - slat A - Do.
inboard wing Woutral -

8tondition numbers refer to condition numbers of table IT.
isual estimate.
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TABLE IV.- EFFECT OF REVISIONS ON THE SPIN AND RECOVERY CHARACTERISTICS OF A Tlé—SCALE

MODEL: OF THE CORNELIUS XFG-1 GLIDER - Concluded

Recovery for alleron
Condition M(zdel condition position indicated
num‘bgr Romarks
(a Elevator| Full Full
Revision or combination of revisions position | against Neutral with
(b) Increased vertical-tail length
Motion obtained similar
37 Ix and Ig increased 159 percent Ix Up -—- to that of unrevissd
model (chart 2)
38 Ig and I increased 319 percont Iy Up 12“, % Do. )
39 Wing f1llets A : Up % Do.
ko Wing £illets B Up i1 Do.
K -
N Wing f1llets C Up %, % To.
42 Horizontal strips A Up %, -!-1+ Do.
Spins obtained, steepsr
Up 11 and steadier than
I thoss of unrevised
43 Horizontal strips B T model; stalled glide
Neutral 33 persistad following
Trecovery
£ d f7 d big
Up 3, % |E > %,f:a Motion obtained similar
4 Horizontal strips C to that of unrevised
Heutral 11 model (chart 2)
2’ 2
15 HoPizontal fins A Up ! 12 . Do.
2 L
16 Horizontal fins B Up %, d% Do.
" bt
49 Horizontal fins C Do.
Neutral 1
2
Spins obtained, steepar
and steadier than
0 Horizontal fins D Up LS I those of unrevised
5
L modsl; stalled glide
persisted following
racovery

2Condition numbers rafer to condition numbers of taeble II.

°Tisual estimate.
Rocovery attempted by reversing the rudder full ageinst and the elevators to neutral,

‘e
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CHART 1.- SPIN AND RECOVERY CHARACTERISTICS OF A l——SCAIE MODEL OF THE CORNELIUS XFG-1 GLIDER IN THE ORIGINAL CONFIGURATION

7.8

l_yoml loading; model was launched with spinning rotation to the right; rudder full with the spin; recovery from the ensuing motion
was attempted as indicated:

Oscillatory spin, vieclent rolling
and pitching motions,

By rudder reversal, made i
to % turn and went into

flat, stalled glide, By
elevator reversal, made 1

to 2 turns, pitched inverted
and then rolled erect, By
simultaneous full rudder and
elevator reversal, made 2 turns
and went into steep dive tending
to plteh inverted,

Oscillatory motion, violent roll-
ing and pitching osclllations
vhich increased until model
inverted.

Ailerons
full agalnst

Th ZU

92 | 24D | Oscillatory spin
alternated wiﬁh rolling

181 and pitching motions,

By rudder reversal, made 1 turn and

went into flat, 'stalled glide
with rolling oscillations, By
. elevator reversel, went intoe
7 spin with motion {rypical of
elevator down spin, By simul-
taneous full rudder_and eleva—

tor reversal, made ]—' turn and

went into steep dive tending to
pitch inverted,

£

(==

P Mo~
2,134
o +©
[ 2]
BH |~

Wandering and oscillatory spin,
alternated with rolling and
pitching motions.

Ailerons full wi

Stalled glide with siight rolling
oscillation,

By rudder reversal, remained in flat,
stalled glide, By elevator
reversal, went into a steep spiral
typlcal of elevator-down motlon,
By simultaneocus full rudder and
elevator reversal, went into steep
dive tending to spin inverted.

Steep spiral motion, with rolling
and pltching oscillations,

Oscillatory motion, violent roll-
ing and pitching oscillations
which Increased until model
inverted,

(Stick left)

By rudder reversal, made L turn,

went 1into steep, stalled glide,
and started to turn to left,

(8tick right)

Elevator
full down
(stick
forvard)

Steep oscillatory spin, alternated
with rolling and pitching
motlons.

Model values
converted to
corresponding

full-scale values,
U inner wing up
D inner wing down

By rudder reversal, made i turn

went into a dive turning to
the left.,

Steep spiral motion, with rolling
and yawing osciliations.

y rudder reversal, made g turn
and pitched inverted.

al| f | Nature of motlon
before control
Q movement for

recovery

‘Nature of motion after
control movement,

LTHSTIS "ON WY VOVN



CHART 2.— SPIN AND RECOVERY CHARACTERISTICS OF A ELE-SCALE MODEL OF THE CORNELIUS XFG-1 GLIDER WITH INCREASED VERTICAL TAIL LENGTH

]:Normal loading; model was leunched with spinning rotation to the right, rudder full with the spin; recovery from the ensuing
motion was attempted as indlcated)

22| 56U | Oscillatory spin with alternate
114 | 3D rolling and pitching motions.
175 0.20

By rudder reversel, made L turn and divea

gteeply, then pulled up into a flat
attitude, turning to the left. By
simulteneous full rudder and elevator

reversal, made % turn and went into a

steep dive and pitched into an inverted
spin, By simultaneous neutralization

of rudder and elevator, made from 'y
to 131;_ turns and went into a steep dive

and pitched inverted. By simultaneous
neutralization of rudder and reversal

of elevator to full down, made % to
1 turn and went inito & dive,

Oscillatory motion with violent rolling
oscillations for about 12 turns and
then wént into & dive,

Allerons
frll against

52 TU

T 230 | Oscillatory spin with
rolling motion.

170 § 0.17

By rudder reversal, made % turn and

went into flat, stalled glide, By
simultaneous full rudder and eleve~
tor reversal, made i turn and went

into an inverted spin., By simul-
taneous neutralization of rudder

and elevator, made 3 turn and went
in & dive or continued to spln for
more than 2k turns. By simultaneous

neutralization of rudder and rever—
sal of elevator to full down, made

1 to L turn and went into a steep

dive with tendency to pitch inverted.

Oscillatory motion with alternate
rolling and pitching oscillations
vhich Increased until model went
into a steep dive and pitched
inverted.

(Stick
left)

&
85|43
@ e
Byl b2
ag1e
219
3% 2:1!';“ Steep wandering and oscll—
T | 2% latory spin, alternitgg
with rolling and pitching
170 | 0.23 l motions.

Ailerons
full with

35 2U

86 | 27D | Oscillatory spin with
rolling motion,

170 | 0.19

By rudder reversal, made i turn and

went into a flat, stalled glide, By
simultaneous full reversal of rudder

and elevator, made ¥ turn and went

into a dive and pitched into an inverted
apin, By simultaneous neutralization of

rudder and elevator, made 11 turn and

‘went into a flat, stalled glide, By
simultaneous neutralization of rudder
and reversal of elevator to full down,

made 1 turn and pitched into a stalled,
inverted glide.

(Stick
right)

into a dive,

By rudder reversal, made %; turn and went

Elevator

full down
(stick

forward)

Steep wandering spin with rolling
oscillations,

By rudder reversal, made from L to
L turn and went into a steep dive

and pitched inverted.

Model values
converted to
corresponding

full—-scale values.
U inner wing up
D inner wing down

Wandering spin with yawing oscillations,

By rudder reversal, made % turn and vent

into & dlve,

Wandering spin with yawing oscillations,

By rudder reversal, made 1—' turn and went
into a dive.

a | # | Nature of motion before
control movement for
via recovery.

Nature of motion after control
movement.

LTHBTS "ON INYd VOVN



CHART 3.,- SPIN AND RECOVERY CBARACTERISTICS OF & I-EE-SGALE MODEL OF THE CORNELIUS XFG-] GLIDER WITH

INCREASED VERTICAL~TAIL LENGTH, HORIZONTAL FINS AND HORIZONTAL STRIPS

@ormal loading; model was launched with spinning rotation to the right, rudder full with the spin; recovery from the ensuing motion
vas attempted as indicated] ’

Two types of spin

&5

Wide radius spin
169 | 0.14

671 6D
87 | ¥1p

Oscillatory spin
172 10,20

By rudder reversal, made
i—‘- turn and vent into a
flat, stalled glide, By
simultaneous neutrali—
zatioh of rudder and
reversal of elevator to
full down, made %- turn
and went into & steep

dive and pitched
inverted.

By rudder reversal, made
y turn and went into a
flat, stalled glide, By
simultaneous neutralization

of rudder and reversal of
elevator to full down, made

1 46 2 turn and went into a
steep dive and pitched
inverted., By simultaneous
neutralization of rudder and
reversal of elevator to

% dowvn, made %— to 1 turn and
went into a steep dive, By

simultaneous neutralization
of rudder and reverssl of

elevator 1 down, made L 4o

n
L turn and went into a steep

dive and pitched inverted.

Allerons
full against

441120 lysge radius spin

25 | 60 [0seillatory spin

64 | 21D | ™51 th rolling 81 {33 ;’it‘:hﬁ;l:ﬁz
178 | 0.15 oscillations. 175 |0.17] rolling motions.

By rudder reversal, made
L turn and vent into a

lat, stalled glide. By
simultaneous neutrall-
zation of rudder and
reversal of_ elevator to full
down, made }]\‘L to 1 turn and

went into a steep dive and
pitched inverted. By simul-
taneous neutralization of
rudder and reversal of eleva—
tor to 2 dovn, made % to % turn
3 4 2
and went intc a steep dive, By
simulteneous neutrelization of .
rudder and reversal of elevstor

to L down, either made from %
3

to 11 turn and went into a flat,
stelled glide or 4idn't recover

By rudder reversal, made
£ turn and went into a

#131: stalled glide, By
simul tanecus neutraiization
of rudder and reversal of
elevator to full down, mede

L to 3 turn and went into e
steep dive,

(Stick left)

in 2 turns,
fo_':g‘ ¥ Elevator neutral
25| 5§ A
85 | a8 ilerons neutral
] -~
2]
36| 2p
55 | 14D Ailerons
Oscillatory spin full with
178 | 0,25
(Stick
By rudder reversal, made right)
}—‘- turn (visual observation)
and went into & dive.

Model values

converted to
corresponding

Nature of motion
al B before control
v - movement for

2 recovery.

full-scale values.
U inner wing up

D inner wing down

Nature of motion after
control movement,

LTHSTIS "ON Wd VOVN



CHART U,.,— SPIN AND RECOVERY CHARACTERISTICS OF THE ——J'-E-SGALE MODEL OF THE CORNELIUS XFG-1 GLIDER WITH INCREASED VERTICAL-TAIL LENGTH,

HORIZONTAL FINS, AND HORTZONTAL STRIPS AND WITH THE CENTER OF GRAVITY MOVED REARWARD

E:enter of gravity moved 5 percent mean sercdynamic chord rearwerd of normal; model was “launched with ‘spinning rotation to the right, rudder
full with the spin; recovery frem-the ensuing motion was attempted &s indicated

Two types of spin

56| TU
64 | 2D
Wide radius spin
1661 0.16

Oscillatory spin,
alternated with

rolling and
178 0.20 pitching motions,

By simultaneous neutraliza—
tion of rudder and
reversal of elevator to

full down, made ¥ turn
and pitched inverted,

By simultaneous neutralization
of rudder and reversal of
elevator to full down, made

% to 1 turn and pitched
inverted.

Allerons

46 | 140 S1ightly oseillator 27 | 26U Oscillatory
75 | 28D gginywith Tolling 89 | 43D spin, alter-
motion. nated with
169 | 0,14 178 | 0,18 rolling and
v pitching motions.
By ruddep reversal, made 1 turn By rudder reversal, made 1 turn
gnd went into a flat, stalled end went into & flat, stalled
glide, By simultaneous glide., By simultaneous neutral-

neutralization of rudder and lzation of rudder and reversal
reversel of elevator to full of elevator to full down,
1

down, made L to L turn and made 5 turn and pitched inverted

pitched inverted, and rolled with the allerons
into an erect glide.

full against

(Stick left)

£
L
28 Elevator neutral
2.1 4 —
odl B Allerons neutral
m& 0
-
%g 18U | Wandering spin with Allerons
32D rolling and full with
pitching oscil~
lations, (Stick
1 right)
By rudder reversal, made ¥ turn
and went into a dive end
started to spin to the left,
Model values a Nature of motion before
converted to control movement for
corresponding vie recovery.
full—seale
values, Nature of motion after control
U inner wing up movement,
D inner wing down

LTHSTS "ON INY VOVN
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CHART 5.~ SPIN AND RECOVERY CHARACTERISTICS OF A HLB-SCALE MODEL OF THE CORNELIUS-XFG 1 GLIDER WITH INCREASED VERTICAL-TAIL LENGTH

AWD A HORIZONTAL TAIL

E!orml loading; model was launched with spinning rotation to the right; rudder full with the spin; recovery from the ensuing motion

vas attempted as indicated]

§1{ 10
53] 16V | Normal spin with relatively

slight oscillations,
163 | 0.43

By rudder reversal, model made from 2
to 2% turns and dived steeply.

Model would not spin, launching rota—
tion being damped in 13 turns with
model diving steeply.

Ailerons
full against

39 2D
5] %8 Hormal steady spin,

180,| 0.41

By rudder reversal, model made from
1% to 2% turns and dived steeply.

£
(=]

88ldu
g - O
5 (08
ad |2
AL

(Stick lef't)

odel would not spin, launching rota—
tion being damped in 9 turns with
the model diving ateeply.

Model would not spin, launching
rotation being damped in 7 turns
with model diving steeply.

Allerons
full with

EE 12D

2U

Normal spin with relatively

189

0.46

slight oscillations,
L

By rudder reversal, model made
1%- turns and dived steeply.

o

16D
11U

VWandering spin, with
relatively slight

186

0.52 oseillations,

£
£ E o
o
L0 &~
BT [ M
S| 53
~ 4-‘5
2] 0 x

8

Model would not spin, launching
rotation being damped in 8 turns
with model diving steeply.

(Stick right)

Model values
converted
to corre-~
sponding
full-scele
values,

U inner

D inner

wing down

By rudder reversal, made 2 to 2‘};— turns
and dived steeply.

T Steep spin
228 t 0.67

1

By rudder reversal, model made > to

1
L

turns and dived steeply,

alp

vin

Nature of motion before
control movement for
recovery.,

Nature of motion after control
movement,

|

L1HGTS "ON Wd VOWVN
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Figure 1.- Three-view drawing of the %g-scale model of the Cornelius XFG-1

glider as tested in the free-spinning tunnel. Center of gravity is shown for
20 percent of mean aerodynamic chord.
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Figure 2.-

~-scale model of the Cornelius XFG-1 glider

1
Photographs of a

otograp 17.8
as tested in the Langley 20-foot free-spinning tunnel,



RUDDER
INCREASI

@ONDITIO

% \—RUDDER

HINGE LINE

Figure 3.- Rudder modification tested on the -1—,-71—8--sca1e model of the XFG-1 glider with the origina

vertical-tail length.



CONDITION NO.5 |

A
3 A\
/)\5 _ _ /"\ _ _ — —
+ =
DESIGN TIP CHORD=31.2
(E X TENSIONS CONTINUE WITH
SAME TAPER AS WING AND
HAVESAME TIP SHAPE AS
WING)
’Figure 4.- Wing extensions with negative dihedral tested on the -171—8-sca1e model of the XFG-1 ¢

with the original vertical-tail length. (Dimensions are in inches, full scale,)



| RUDDER
HINGE LI
CONDITION NO.O |
— :
S—FUSELAGE & i i
$ 2.67
< {

1407 ———] \_yen

R FIN

T

Figure 5.- Ventral fin tested on the st-scale model of the XFG-1 glider with the original

vertical-tail length, (Dimensions are in inches, full-scale.)
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RUDDER

LEADING EDGE OF
HORIZONTAL FINS
LOCATED HERE

OF WING WITH FUSELAGE

FIN A:
CHORD = 10.0I[

SPAN =75.] "

FIN B

CHORD = |00l
SPAN = (121

FinC
CHORD (0.01
45,2

NO.9
SPAN

LEADING EDGE

OF RUDDER

LEADING EDGE OF
HORIZONTAL FINS

OCATED HERE

Fin E
CHORD

ROOT=42 25

T‘P: 20056

/]
SPAN
134.

CONDITION
NO.12

FIN G
CHORDIOO! E , CONDITION
SeaN 751

Figure 6.- Horizontal fins tested on the TL-scale model of the XFG-1 glider

with the original vertical-tail length. (Dimensions are in inches, full scale.)
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SPOILER HINGE LINE

SPOILER A
CONDITION No. 14

SPOLER B
CONDITION NO. |15

—— I - ~ p

Eizs

SPOILER C
CONDITION NO.I6.

..., T = '\l___- = - -
i

Figure 7.- Under-surface spoilers tested on the

SPOILER HINGE LINE

SPOILERS D
CONDITION NOI7

W— L e
Tgo \l/

199.4

SPOILERS E
CONDITION NO.I8

1

17—8-sca1e model of the XFG-1 glider with th

original vertical-tail length, (Dimensions are in inches, full scale.)
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4

-

- ——

SLATS A

SLAaTs C
CONDITION NO21

1.86%c
6.58%¢c

— 4
LEADING-EDGE
WING

TrPiCAL SLAT SECTION
(CONTOUR OF SLAT CORRESPONDS
TO CONTOUR OF FORWARD 20z OF

UPPER SURFACE OF WING)

Figure 8.- Leading-edge wing slats tested on the -—1—--sca1e model of the

KXFG-1 glider with the original vertical-tail length, (Dimensions are in

inches, full-scale.)
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:": ORIGINAL WING
S AR=8.28

! 648.0

WING A
AR=567
CONDITION NO.24

SQUARE P —
WING TIPS-—7 el
P 1 _L
l———492.8
WING B
AR=358

CONDITION NO.25

SQUARE
WING TIPS — 7

>
l———336,4 . >

Figure 9.- Wings with decreased aspect ratios tested on the ﬁl—s--scale model
of the XFG-1 glider with the original vertical-tail length. (ﬁimensions are

in inches, full scale.)



CONDITION NO.36

ORIGINAL VERTICAL
TAIL POSITION

FUSELAGE EXTENSION CONE
IS GENERATED BY STRAIGHT
LINES WHICH ARE TANGE
TO ORIGINAL FUSELAGE

AT THIS POINT

RUDDER HINGE LINE
42.9—’ &

-~

N 3.3

1
\
\
\

|
}

\
,/REVISED VER
© TAL POSIT

Figure 10,- Increased vertical-tail length tested on the —l—-scale model of the XFG-1 glider,

17.8
(Dimensions are in inches, full scale,)



voce NACA RM No, SL8H17

-

(T %]
[ ]

[ ] [ ]

-
L
[ ]
[ 11 1] .

-

FILLETS ARE IN
© WING CHORD PLANE
FILLET A _
CONDITION NO39

FLLET B
CONDITION NO, 40

FILLET C
CONDITION NO. 41

Figure 11.- Wing fillets tested on the ﬁ%-scale model of the XFG-1 glider
with increased vertical-tail length. (Dimensions are in inches, full scale.)
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STRIP A .
' TRAILING EDGE OF
CONE:;L?; ) STRIP ARE IN LINE"

WITH TRAILING
EDGE OF WING
STRIPS-AT FUSELAGE
CENTER LINE

e

74.5 }% /\

Figure 12.- Horizontal strips tested on the Tlg'-scale model of the XFG-1
glider with increased vertical-tail length. (Dimensions are in inches,

full scale.)



FUSELAGE CENTER LINE

STRIPS ARE ON

NO.4 4

STRIP C
GCONDITION

STRIP B
CONDITION
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Concluded.

Figure 12.-
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FINS ARE ON
ELIJA?EFLAGE CENTER
.,-T-"‘
22,2
FIN A

CONDITION NO.4 5

TRAILING EDGE
OF WING

Figure 13.~ Horizontal fins tested on the Fls--scale model of the XFG-1 glider

with increased vertical-tail length, (Dimensions are in inches, full scale.)
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Fin B
CONDITION NO.47 |
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SECTION A-A

Figure 13.- Continued.
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Figure 13.- Concluded,
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r 2247
g2 ’
TAIL A
CONDITION NO.52 ;
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Figure 14.- Horizontal tail tested on the —t

35.6

TRAILING EDGE
OF WING

~NACA -

1-7—8—-sca1e model of the XFG-1 glider

with increased vertical-tail length. (Dimensions are full scale.)
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Figure 15.- Mass parameters for the loading of the Cornelius XFG-1 glider and
for loadings tested on the models. (Points are for loadings listed in table II.)



L - o
Yoo L3
DB

T**f .~ NACA RM No. SL8H17

'

1 -scale model of the Cornelius XFG-1

- 17.8
glider in the original design condition and in the normal control con-
figuration for spinning. Sixty-four frames per second,

Figure 16.- Typical motion of a
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Figure 16.- Continued.
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Figure 16.- Continued.

NACA
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Figure 16, -

Concluded,
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Figure 17.- Typical motion of a -iT?Lg-scale model of the Cornelius XFG-1

L3

glider with increased vertical-tail length and in the normal control con-
figuration for spinning. Sixty-four frames per second.
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Figure 17.- Continued.
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Figure 17.- Continued.
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Figure 17.- Concluded,
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Figure 18.- Typical motion of a m—scal‘e model of the Cornelius XFG-1

glider with increased vertical-tail length, horizontal fins, and horizontal
strips, and in the normal control configuration for spinning.
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Figure 18,~ Continued.
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|
Figure 19.- Typical motion of a ﬁl—é-—scale model of the Cornelius XFG-1

%

glider with increased vertical-tail length and a horizontal tail and in
the normal control configuration for spinning.



NACA RM No. SL8H17

Figure 19.-
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