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* FREE-SPINNING-TUNNEL INVESTIGATION OF A MODEL HAVING A
- 60° DELTA WING WITH EAIF-DELTA AIIERONS INSTALLED

By Walter J. Klinar and Henry A. Lee
SUMMARY

An investigetion hes been undertaken 1n the Lengley 20-foot free-
spinning tunnel to determine the effectiveness of half-delte ailerons
in terminating the spln rotation of a model having a 60° delta wing.
Ailerons 15 and 5 percent of the wing area were investigated. In addi-
tion to a basic loading, tests were made with mass distrlbution increased
along the wings by the addition of externsl serodynamic shapes. The aero-
dynamic shapes were instelled either at inboard or outboard positions and
were considered to*simulate either fuel tanks or engine nacelles.

The results of the investigetion indicated that, for the range of
conditions investigated, half-delta silerons 15 percent of the wing area
were effective in terminating the spin rotation by movement of the
ailerons to full with the spin., Ailerons 5 percent of the wing area =
effectively terminated the spin rotation for the basic loading but were
not sufficiently effective for the conditions with mass added along the
wings (eerodynemic shapes instelled). The changes in spin and spin-
recovery characteristics brought about by installetion of the aerodynamic
shapes were due primarlily to the changes in msss loading. Trimming the
ailerons symmetricelly upwerd prlor to deflecting them differentially had
little beneficial effect. The results of this investigation and the date
presented in NACA RM I9LO6, indicate that half-delta ailerons when
deflected through +30° from the plane of the wing or from a trimmed-up
position were as effective as conventional flap-type allerons of com-
parable size deflected +20° in effecting recoveries from spins for com-
parable delta-wing designs.

The model trimmed at flat stalled attitudes for up settings of the
elevator. On a similar airplane configuration, it will be necessary to
move the stick forward of neutral in order to pitch rapidly to an
unstalled attitude.

AL Ii
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INTRODUCTION

Results of an investigation of the spin and spin-recovery charac-
teristics of a model having a 60° delta wing and conventional fleap-type
controls previously conducted in the Langley 20-foot free-spinning tun-
nel (ref. 1) indicated that, for a configuration having a single vertical
tall, the asilerons, when deflected to full with the spin, were the effec-
tive controls in terminating the spin rotation. Inasmuch as half-delta
tip controls are being considered as lateral controls for triangular wings,
an investlgation was underteken to determine the effectiveness of controls
of this type 1n terminating spins. The investigation was performed in the
Langley 20-foot free-spinning tunnel and the results are presented herein.
The 60° delta-wing model used for this investigation was similar to that
used for the Investigation reported in reference’l. For the present inves-
tigation, two aileron sizes were 1lnvestigated, 15 and 5 percent of the
wing area. Included in the investigetion were tests to determine the
effectiveness of trimming both ailerons symmetrically upwerd and then
deflecting them differentially as silerons. The model was Investigated
in a basic loading condition and with serodynamic shapes (slmlating
either fuel tanks or engine nacelles) alternately installed at an inboard
and outboard station on the wing, the mass distribution along the wing
being increased with the addition of the tanks. The longitudinal location
of the center of gravity was maintained constant during the Investigation.

SYMBOLIS
b wing span, ft
S wing area, sq ft
c wing or elevator chord at any station along the span,
’ ft
[ mean serodynamic chord, Tt
x/E ratio of distance of center of gravity rearward of

leasding edge of mean aserodynamic chord to mean
serodynamic chord

z/8 ratio of distance between center of gravity and
fuselage reference line to mean aerodynamic chord
{(positive when center of gravity is below fuselage
reference line)

m mess of airplane, slugs
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Iys, Iys Ig moments of Inertia asbout X, Y, and Z body axes,
respectively, slug-ft2
Iy - Iy . .
—K"fﬁ“ inertis yawing-moment parameter
mb.
Iy - Ig
-lL—??—- inertia rolling-moment parameter
mb
Iz - Ix
= inertia pitching-moment parameter
mb .
o eir density, slugs/cu ft
n relative density of airplane, EgF
a angle between fuselage reference line and vertical

(approximately equal to absolute value of angle
of attack at plane of symmetry), deg

¢ angle between span axis and horizontal, deg
v full-scale true rate of descent, ft/sec
Q full-scale angular velocity about spin axis, rps

APPARATUS AND METHODS

Model

The model used for the spin investigaetion was of such proportions

as to be considered representative of a é% -scale delta-wing fighter

type of airplane. The dimensional characterlistics of a corresponding
full-scale airplane are given in table I. The hinge lines of the half-
delta ailerons investigated on the model were located at the 50-percent
station of the inboard chord of the ailerons. A three-view drawing of

the model as tested with flap-type elevators and half-delta ailerons is
shown in figure 1, and a drawing showing the position of the aerodynemic
shapes (external tanks or nacelles) as tested on the model is shown as
figure 2. A photograph of the model with the 5-percent ailerons. installed
is shown as figure 3, and two photographs of the model with the aerody-
namic shapes installed outboard and inboard are shown as figure k.
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The moéel was ballassted to obtain dynmamic similarity to a corre-
sponding airplene at an altitude of 15,000 feet (p = 0.001496 slug/cu f£t).
The weight, moments- of inertia, and center-of-gravity location used in
ballasting the model were selected on the basis of dimensions of an alr-
plane typical of thls type. The aerodynamic shepes were Independentliy
ballasted, the size and weight of the aerodynamic shapes being based on
an existling configuration similar to the one being investigated and heving
external fuel tanks installed. If the tank 1s considered a nacelle housing
an engine, it would be expected that the welght of the complete nacelle
would be approximately half the weight investigated.

A magnetic remote-control mechanism was installed in the model to
actuate the controls for the recovery ettempts., Sufficient moments were
exerted on the control surfaces during the recovery attempts to reverse
then fully and rapldly.

Wind Tunhnel and Testing Technigue

The tests were performed in the Langley 20-foot free-splnning tun-
nel, the operation of which is generally simllar to that described in
reference 2 for the Langley 15-foot free-spinning tunnel, except that
the model lasunching technique for the spin tests has been changed. With
the controls set in the desired poslition, the model is launched by hand
with rotation into the vertically rising air stream. After a number of
turns in the established spin, recovery 1s attempted by moving one or
more controls by means of the remote-control mechanism, After recovery
the model dives into a safety net. In those instances when the model
does not recover, it is lowered I1nto the safety net at the termination
:of the test. A photograph of the model during a spin 1s shown as

figure 5.

The spln deta presented were obtalned and converted to corresponding
full-scale values by methods described in reference 2. The turns for
recovery were measured from the time the controls were moved to the time
the spin rotation ceased. For recovery attempts in which the model struck
the safety net while it was still.in e spin, the recovery was recorded as
greater than the number of turns from the time the controls were moved to
the time the model struck the net, that is as >3. A >3-turn recovery
does not necessarily indlcate an improvement over a >T-turn recovery.

For recovery attempts in which the model did not recover, the recovery
result was recorded 88 «. When the model recovered without control

movement, with the rudder with the spin, the resulis were recorded as
"no spin."

Spin-tunnel tests are usually made to determine the spin and
recovery characteristics of the model at the normal spinning control
configuratiocn (elevator full up, ailerons neutral, and rudder full with
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the spin) and at variocus other aileron-elevator control combinations
including zero and maximum deflections. Recovery 1s generally attempted
by rapid full rudder reversal, During thls investigation, recoveries
were also attempted by movement of ailerons alone, Tests sre also per-
formed to eveluate the possible adverse effects on recovery of small
deviations from the normel control configuration for splnning., For these
tests, the allerons are set at 1/3 of the full deflections in the direc-
tion conducive to slower recoverles and the elevator is set at 2/3 of
its full-up deflection or full up, whichever is conducive . to slower
recovery. Recovery was attempted by rapidly reversing the rudder from
full with the spin to full against the spin, or by movement of ailerons
alone to full or half with the spin. The spin rotation of the model is
consldered to be adequately damped 1f recovery from the spln requires

2% turns or less. This value has been selected on the basis of full-

scale airplane spin-recovery data that are availsble for comparison with
corresponding model test results.

PRECISION

The model test results presented are belleved to be true values
glven by the model within the following limits:
Oy ABE . 4 o ¢ ¢ o s o o o o o o o e o o o o s 4 o 6 & & & o o a =1
By GEE o« o o o o o o o o o o o o o
Vypercent . ¢« ¢ ¢ ¢ ¢ ¢ o o o o
Q, percent .« . . . 0 s e e e s . .
Turns for recovery:
From motion-picture TECOTAS o+ o o « o o « o « o o« o o o o« « « » F1/k
From visual ObServation « « o « o o o o o ¢ o ¢ 4 o o « o o o o E1/2

e o @& 6 & s ¢ @& & & o ¢ & a = il
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The preceding limits may have been exceeded for some of the spins
in which it was difficult to control the model in the tunnel becsuse of
the wandering or oscilletory nature of the spin.

Comparison between model and full-scale results in reference 3 indi-
.cated that model tests satisfactorily predicted full-scale recovery char-
acteristics approximately 90 percent of the time and for the remaining '
10 percent of the time the model results were of value in predicting some
of the details of the full-scale spins. The ailrplanes usually spun at
an angle of attack closer to 45° than did the corresponding models. The
comparison presented in reference 3 slso ilndicated that usually the air-
planes spun with the inner wing tilted more downward and with a greater
altitude loss per revolution than 4did the corresponding models; the
higher rate of descent of airplsne or model, however, being generally
assoclated with the smaller angle of attack. This comparison was made
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primerily for conventional alrplane designs, however, and may not be
strictly applicable to delta-wing alrplanes,

Because it is impracticable to ballast the model exactly and becsuse
of inadvertent damage to the model during tests, the measured welight and
maess dlstribution of the model veried from the true scaled-down values
within the following limits:

Welght, percent « « o ¢ ¢ ¢ ¢ ¢ ¢ o 2 « o ¢ ¢ o o ¢ o & "0 to 2.5 high
Center-of-gravity location, percemt ¢ . . . . . . . . O to 1.5 forward
Moments of inertla:
IX, PETCENt  © o ¢ « o o o ¢ o o o o o ¢ s s o o o « o o« O to 8 high
Iy, PETCEOt '« 4 ¢ o o o o « s o o o ¢« o o s o o + & &« « 0O to 2 high

IZ, perCEJﬂ.‘t a 6 @& ¢ € @& o ¢ @ &6 s e &6 s & & & 6 s & s O tO 2 high

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

Welght, DPErcent v « « « o o « ¢ o« o o o o s o o o o o o o o a a « o 1
Center-of-gravity locatlon, percent T . . ¢ ¢ ¢ ¢ ¢ « ¢ s o a o« » *1
Moments of inertia, percent . . ¢ ¢« o ¢ ¢ o ¢ ¢ s o o ¢ ¢ o s o o » 5

Controls were set with an accuracy of *1°.
TEST CONDITIORS

The mass charsacteristics and lnertia parameters for the conditions
investigated are shown in table II and plotted in figure 6. The model
was tested with landing gear retracted and the cockplt closed. The fol-
lowing conditions were investigated with allerons deflected differentially
from the plane of the wing: baslic loading, external tanks installed
inboard, and external tanke installed outboard. With the ailerons trimmed
symmetrically upward 30° from the plane of the wing, tests were made only
for the condition with external tanks located outboard.

The meximum control deflections (messured perpendiculer to the hinge
lines) used in the tests were:

Rudder, G€E8 .+ o ¢ « o o ¢ o o o s o o « o« « « o a o 30 right, 30 left
Flevator, deZ8 . 4 o o 2 o o « o« 2 o o o o o s o o o o 30 up, 20 down
Ailerons (deflected from plane of wing), degs . . . . . 30 up, 30 down
Ailerons (deflected from 30° up trim position), degs . 60 up, O down

For the half-delta ailerons to produce epproximately the same rolling
moment near the stall as was obtained for 20 deflections of the
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flap-type allerons of spproximetely the same area which were previously
investigated and reported in reference 1, it would be required to deflect
the 15-percent half-delta ailerons through approximstely +30° from a

30° trimmed-up position (refs. 4 and 5). At low speed and low angles of
attack the 15-percent half-delta ailerons, when deflected approximately
+30° from the plane of the wing, should provide a rolling moment eguiva-
lent to that of the flap-type controls. Although the half-delta allerons
produce larger rolling moments for comparsble deflections than the flap-
type controls at supersonic speeds, (ref. 6), it was believed that the
low~speed condition on a corresponding alrplane would be the most critical
wilth regard to spin recovery, and accordingly the deflections taebulated
gbove were used for the current investigation.

RESULTS AND DISCUSSION

A key to the results presented, a 1list of the foot notes used on
the charts, and a tebulation of remarks applicable to all charts are
given on chart 1. The results of the spin tests are presented on
charts 2 to 6.

15-Percent Allerons

Basic-loading condition.- The resulis of the tests with the model
loaded to represent the assumed normal lcading of a corresponding air-
plane (loading point 1 in table II and fig. 6) and with the 15-percent
half-delte ailerons installed are presented In chart 2., This loading
corresponds to the loading designated as normsl in the investlgation of
reference 1 for which flap-type controls of approximstely the same area
were used.,

As 1s indicated in chart 2, the model resisted spimning for most
control settings, the spins that were obtained usually occurring for
alleron settings slightly against the spin. Although rudder reversal
was ususlly ineffective in termineting the spin rotation, ailleron move-
ment to with the spin was very effective, and movement of the ailerons
to only half with the spin was sufficlent to satisfactorily terminate
the spinning motion. It should be noted, however, that for the center-
of-gravity position investigated (approximstely 25 percent of the mean
aerodynamic chord) after termination of the spin rotation, the model
usually trimmed in a flet stalled glide when the elevator was up. Simi-
lar results were obtained for the investigation reported in reference 1,
and it was indicated that for the corresponding full-size airplene it
would be necessary to move the stick forward of neutral after the spin
rotation is damped in order to pitch the alrplane rapidly to an unstalled
attitude. Information presented in reference 1 indicates that for an

SNl
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airplane of this type, the center of gravity should be no farther rear-
ward than the 25-percent station of the mean aerodynamic chord for satis-
factory longitudinal trim characterlstics.

Effect of installing aerodynamic shapes at an inboard and at an
outboard position on the wing.- Charts 3 and 4 indicate the results
obtained with the aerodynamic shapes simulating fuel tanks installed at
an inboard and outboard location on the wing, respectively. As has been
noted previously the mass loading of the model was altered &s the tanks
were installed. With no tanks instelled, basic loading condition, the
model was extremely heavily loaded zlong the fuselsge; whereass with the
tanks installed at an outboard position the moments of inertia about
the X and Y axes were nearly equal. As is indlcated on the charts,
recoveries obtained with tanks installed either inboard or outboard were
generally similar. Although spins were more prevalent for these condi-
tions (loading points 2 end 3 on table II and fig. 6) than for the basic
loading condition, the model still resisted spinning when the ailerons
were full with the spin. Although the rudder was lneffective In termi-
neting spins, the spin rotation of the model was adequately damped by
movement of the ailerons to full with the spin. Movement of the silerons
to only one-half with the spin, however, was insufficient to insure rapid
termination of the spin rotation for these conditions. Comparison of the
data presented in chart 4 with the data presented in reference 1 for a
similar mess loading condition indicates that the half-delta ailerons
used in the present investigation having maximum deflections of +30°
gives results which are generally similar to those obtained with flap-
type ailerons of comparable size and having maxlmum deflections of +200°,

On the basls of the results of brief tests conducted to determine
the aserodynamic effects of the aserodynamic shapes on the spin character-
istice of the model (rot presented in the charts), and on the basis of =
comparison of the results of the present investigation for loadings with
the aserodynamic shapes installed for similar loadlng conditions investi-
gated in reference 1, it appears that the effects obtalned with the asero-
dynamic shapes attached are attributable primarily to changes in mass
distribution. As previously noted, 1f the external aerodynamic shapes
are considered as belng nacelles housing gas turbine engines, the nacelles
would be approximately half as heavy as the aerodynamic shapes investi-
geted. On the basis of the changes in mass loading brought a&bout by
installation of nacelles of this weight, it would be expected that placing
the nacelles inboard would lead to results simller to those obtailned for
the basic losding (chart 2); whereas placing the nacelles outboard would
yield results similar to those presented on chart 3.

For the loading condltions investigeted, 1t would be expected that
& rolling moment in the direction of the spin would produce an antispin
yawling moment because of inertia effects and thus be beneficlial in termi-
nating the spin. Approximate calculations indlcate that the antispin

GTE——.
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aerodynamic yewing moment produced by deflecting the half-delta allerons
to with the spin was large in comparison with the pro-spin rolling moment
produced. Thus, when the half-delta ailerons were deflected with the
spin, the antispin serodynamic rather .then inertia yawing monient msy
have been the primary factor in termlnating the spin rotation. Charts 2,
3, and 4 show that the model began turning to the left after termination
of the lmposed launchlng rotation to the right for the alleron full-with
spins with the elevator up, possibly because of the antispin yawing
moment produced, '

5-Percent Ailerons

Results of tests performed with the 5-percent half-delts ailerons
installed on the model are presented on chart 5., Comparison of this
chart with chart 2 indicates that, for the basic loading condition, the
spin rotation was satisfactorlily terminsted by movement of the ailerons
to only oné-half with the spin for either of the alleron sizes. For the
loading conditions with the external aerodynamic shepes installed, how-
ever, full movement of the 5-percent ailerons did not satisfactorily
demp the spin rotation; whereas full movement of the 1l5-percent aileromns
(charts 3 and 4) had adequately damped the rotation. Resultes of brief
tests (not presented on the charts) indicated that for these loadings,
deflecting intermediste size ailerons (10 percent) to full with the spin
resulted in marginal spin-recovery characteristics. Thus it would appear
that, for loading conditions similer to those tested with the external
aerodynamic shapes installed, the minimum-size half-delta ailerons
required for satisfactory termination of the spin rotation would be
approximately 15-percent of the wing area.

Ailerons Deflected From Trimmed-Up Position

Brief tests were conducted with the ailerons trimmed 30° up (both
set at 30° up and deflected differentially from.this position) for the
condition with the aserodynamic shapes installed outboard. As has been
noted previously, & rolling moment in the direction of the spin is bene-
ficial as regerds recovery for thils mass condition and the data of refer-
ence 4 indicate that trimming the ailerons up should increase the rolling
moment of half-delta allerons at high angles of attack. Approximate com-
putations also indiceate that although deflecting the allerons in this
manner should increase the pro-spin rolling moment at spinning attitudes,
the antispin yawing moment would be reduced. The results of the tests
are presented in chart 6. Comparison of these results with the data
presented in charts 4 and 5 shows that deflecting the ailerons from a
trimmed-up positlon did not appreciably alter the spin-recovery charac-
teristics for this loading. It appears possible, therefore, that the
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increased pro-spln rolling moment obtained by trimming the ailerons up
may have been compensated by the decreased antispin yawling moment.

CONCLUSIONS

On the basis of the spin and recovery tests of a 60° delta-wing
model equipped with half-delta ailerons, the following conclusions are
made: - -

1. Half-delta ailerons when deflected #30° with the spin were as
effective as conventional flap-type ailerons of comparable size deflec-
ted +20° 1n effecting recoveries from spins for negative values of the

. . . Iy -1

inertia yawing-moment parameter '___TEJL as low negatively as approxi-
ll- r mb b4

mately -80 x 10~",

2. Half—delta-ailerons 15 percent of the wing area were effective
in terminating the spin rotation when deflected full with the spin for

Iy - T
the three loadings investigated (—X——§—l equivalent to approximately
mb
-750 % lO'h, -340 x lO'h, and -80 x 10~ : whereas allerons 5 percent of
the wing area were effective only for the basic loading condition

Iy - T
.(—z————l approximetely -750 X 10'4).
mb2

3. Trimming the lateral controls symmetrically upward prior to
deflecting them as ailerons had only little effect on recoveries.

4. The changes in spin and spin-recovery characteristics brought
about by installing the amerodynamic shepes were due primarily to changes
in the mass distribution. ’

5. The model trimmed at flat stalled attitudes for up settings of
the elevator. On a similar airplane configuration, 1t will be necessary
to more the stick forward of neutral in order to pitch rapidly to an
unstalled attitude.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Fleld, Va.
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TABLE I.-  DIMENSIONAIL CHARACTERISTICS OF AIRFPIANE

STMULATED BY THE gﬁ - SCALE SPIN MODEL

Length, over-all, ff « o« « « & o & « o « « o o o o = o« « o« « « »  HL.37

Wing: .
SPaN, TE 4 v v 4 4 4 4 e e e 4 s e e s s s e s e e e e . . 29.k2
Area, SQ L « o 2 ¢ o o o o s o o o o o o o o o o . . 375

Section, parallel to airplane center line . . . . NAGA 65(06) -006.5

Mean aerodynamic chord, C, f£ « « 2 o o o 2 o o o« ¢ o « « « . 16.99
Leading edge ¢ behind wing apex, in. . . « « « ¢ « +« « « . . 101.98

Sweepback of leading edge of wing, deg€ . ¢ ¢ ¢ « « « o » o . 60
Tip chord, In. . « ¢ 2 & ¢ o o 4 ¢ o o o o6 a o s o o o o o o « 0-
Root chord, In. . o o« v ¢ ¢ 4 o o ¢ o o s o « o o s « « » » » 305.8
Wing dihedral, deg e 6 o o e o s s e & s 8 o s s 4 a4 o o & a 0

Taper r8E10 o ¢ o o o ¢ & o o o 6 o 6 o s o o o s s o o & o o
Distence from center of gravity to elevator hinge line, ft . 9.88
Distance from center of gravity to rudder hinge line, ft . . 11,15

Elevator:
Chord behind hinge line (comstant), in. . . . . . . . . . .. 34.4
Area of each elevator behind hinge line, =q ft e e o o o o« o 11.5h4

Ailerons:
15 percent half-deltes area (both aileroms), sq £t . . . . . . 56.25
5 percent half-delta area (both ajleroms), sq ft . . . . . . . 18.75

Vertical tail:
Total area, sg £t . « ¢ « o« . . e e s e o s e e e s e e 67.0
Rudder area behind hinge line, sq r DD o o s e e . 13.4
Chord behind hinge line {(constant), in. . « ¢« ¢+ ¢ ¢ « « ¢ o & 19.2
Aspect Tatio &+ ¢ 2 ¢ ¢ o ¢« 4 ¢ ¢ ¢ e 6 o 6 6 o o o 8 s e o 4 a 1.15



TABLE II.- MASS CHARACTERISTICS AND MOMENTS OF INERTIA FOR IOADINGS INVESTIGATED ON MODEIL,

Dkﬂﬁl values converted to corresponding full-scale values;
moments of inertia given sbout center of gravity]

Center of| Relative |Momente of inertia \ .
gravity |demsity, u 8 1ug/ £t2 ? Inertis parameters
Welght
" oetine w Altd- Iy - I Ty - T I, - I
x z Sea | tude o S 4 A & - X
e | § |evertisool] X |TY |z b2 - b2
feet
1 |Basic loading | 11655 |0.246| 0 [13.80|21.9% ko6 (27611]|30198 | -7h6 x 10-*|-82 x 10-%828 x 107}
Baslc loading
2| with external | 2314 0.248(0,07|27.39|43.56| 9967|30880|36207 | -337 -85 Loo
tanks inboard
Basic loeding
3| with external | 23144 |0.24B[0.06|27.39|43.56| 25697|30622|52177 | -T9 -346 hps
tanks outboard .
v v

BhSMECT WY VOV

£T
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CHART 1l.- KEY AND FOOTNOTES FOR CHARTS ON SPIN CHARACTERISTICS OF MODEL

{(a) Key

(aeg) (aeg)

v o
(£ps) {rps)

R l Turns for recovery by full
| rudder reversel

A | Turns for recovery by aileron
movement elone to full with
the spin

Turne for recovery by eileron
movement alone to one-half
with the spin

roj

Recovery attempted from, and steady-spin data presented for, rudder full with spins.
Right erect spins.

Model values converted to corresponding full-scale vealues,

U  inner wing up

D inner wing down

(b) Footnotes

8Model motion becomes increasingly oscillatory in roll and yaw until model rolls
over inverted. After going inverted model either rolls In the direction of the
alleron setting or dives.

bafter leunching rotation damps, model trims in & flat glide.

CAfter lasunching rotation damps, model begins a flat gliding turn to left.
d‘I‘wo conditions possible.

€0scillatory spin. Range or avérage values given.

fModel motion becomes increasingly oscillatory in pitch, roll, and yaw until model
piltches inverted or dives out. :

8After launching rotation damps, model goes into a vertical eileron roll to right.

Iyodel becomes increesingly osclllatory in roll and yaw eventually going into a
dive or roll to lefi.

ipodel becomes Increesingly oscillatory in roll and yaw until eventually the
Z-axis of the model becomes horizontal, the model then continuing to rotate gbout this
exls as 1t descends.

JModel becomes increasingly oscillatory in roll and yaw, trims at Eigh angle of
attack eventually going Into & left roll.

EpPter launching rotation demps, model goes into & left spin.

Pprter launching rotation damps, model pitches inverted.
Bptlerons trimmed at only 20 degrees up for this control configuration.
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CHART 2.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL IN BASIC LOADING CONDITION
—AILERONS I5PER CENT OF WING AREA INSTALLED

[Loadfng point | on table II and figure 6 (

mb

'x'lY=-743x|0-4) ; see chart | for key and foctnotes]

NO ! ' Ailerons NO NO
Allerons = against
SPIN o Je e & agalnst SPIN SPIN
18y 12U
72 | 18D €6 15p
No 184 [0.22 184 |0.15 alz
SPI
Elevator R R =8
_§_ | _T »>8 ——I >7 2|
up = | O
A A 218
3 i % s
2 4 i
$: 1% %
a a d,e d.e
62 15U eU
72 | 10D 52 |90
s’;‘:?N 81 {0.23 NO 197 10.20 o
SPIN NG
SPIN LR R | }.2 SPIN
Al N
Ay 43
£ls
°olg
Allerons full against f:_ E Aiflerons full with
- (stick lefm) 3|5 (stick right)
218
e
11|
a h
NO NO NO
SPIN SPIN SFIN
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CHART 3.-SPIN AND RECOVERY CHARAGCTERISTICS OF MODEL. WITH EXTERNAL TANKS INSTALLED INBOARD
— AILERONS 15 PER CENT OF WING AREA INSTALLED

Iyt
[Loading 2 in fable I and tigure s%}-—s?ﬂuo“*); see chart | for key and footnotes]

i d,e ) d,e k
177 16U . . 60 ([OU
ar | 1p 75 |8D
No | 296 |oss o 278 {0.20
SPIN ’
R
G Rl . GNo
A 15,4 o |
2 Ailerons -ls-agulnst
] d,e h de
gy 65 (70U
7 10D 85 |65D
no. | 259 (051 298 |0.29
- NQ
Elevator SPIN E ~ | SPIN R| -
Fp
A ] £, ol
-
N 3|8
23,3 =
e
Allerons—5 against
{ d,e I d,e h g
76 | 10U 6l |3z2u
S5 10 0 89 |320D
Mo (234 o83 | No (372 |04z
R | ' SPIN TRT T .1 NO ' NO
oo IF,3% SPIN SPIN
E —
B
Q
=|8
~_ Allerons fuil ageinst 2 AHerons full with .
— (stick Teft] gls (stick right)
H I
i
i d,e h m
78 4 U
89 60
o |23 {osr

SPIN

N »
SPIN j
R NO NO
Yo SPIN
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CHART 4.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL WITH EXTERNAL TANKS INSTALLED OUTBOARD
—AILERONS 186 PEQ(_?ENT OF WING AREA INSTALLED

I-_Louding 3 in table I and figure 6 (ﬁz_ 79’“0-4); see chart t for key and footnotes]

b d.e
87 |12V
86 o] . 87 10D
238 | 060 ‘ NO 252 10.26
. SPIN
R NO
R—I oo bAllerons-&-dagalnsT ) —J o= SPIN
.8
A 62 18U A
—Ilirz% - 85 [10D —I_j__,_}r
NO | 252 j0.30 i
Etevator %up SPIN R| oo
———]
(-3
A | s
k. =1
o <
gls
)i
3 .e ¢
76 o U 59 (13U
20 12D 80 oD
234 |059 Ailerons full against 246 lo.30 Ailerons full with
stick left ( stick right)
R ¢ ! R g NO
o« o= SPIN
A 3 Als
l%:zT —IT,IJ{
2|8
‘P: ac
Hd
w
e m )
61 qU
88 (10D
252 {047
r | NO NO
oo . SPIN SPIN
A
A ],3 52




CHART 5-SPAN AND RECOVERY CHARACTE
(Looding 03 hdicaled

RISTICS OF MCDEL HAVING AILERONS 5 PER CENT OF WING AREA INSTALLED

;seecrmnnrheymdmm!

Baskc mdhg(_‘x;;;--mm")

b

Tanks mouned hhnrrd(—l%'-ﬂhm")

Tovks moured cutboard (—5!-':-"’ 79 no“')
de

NO N NO
SPIN . SPIN SPIN
Ajlerons x ogainst
b de «;
b 38
g lp - il B
Al L4 2®
L P
[T ] 52 [0
Ailerons full ogalnst —
Tick 1670 L

i

Elevator full down
Tatick bor'

? Alerons full with

{tlc

o0,
e

Glick forword)
=
3

-
Elevator full down

RO

9PN

y
TLI

Elevotor full down

| da . b d b
2 3” g% 8D 7olau 64 {70
e bl | o | g8 B
Ailorons | L“_J 3
Lo
2U
92 (32D =1 of
W_{t—zﬂ ‘mo Eg "-E_
4] 3 §g i-'i
£ %
ﬂéﬁa n qa f @ Q de
g s 0 BT & 150
Ayarans full et
(ﬂ;m{}"d no PR RETH no [2903[ No (28
1.3 T || Elay]
Allerons full pgairet Alerons full with
Taick i) 3 {shick right)

at

eredEC] W VOVN



CHART 6-SPIN AND RECOVERY CHARACTERISTICS OF MODEL

WITH ALERONS TRIMMED 30DEGREES UP—TANKS INSTALLED QUTBOARD

Iy~
f.oodng 3hrwbnanﬂgma(—,§gzL'79xn*);see chort | for key and footmetes]
15 per cent ailerons 5 per cent allerons
e c de | b dp b
77 68 10 &3 |10V
89 |0 78 [9D & (100 69 (5D |
NO  [oea NO {258 017 N | 2s8lour
E - '040 Allecons - agolnst SPm i _?_W PN | Akronag ogoinst "
ty ¢ ¥ 5 %‘a"i b S;j,e SF
e |0 L 1su l
NO |259 o9 g : b o 252 oav o~
SPIN 2l N It
Elevator NEX 3% Elevator ST’ Al.e = E
g s up s
5| 3 HE:
-k,z ‘E ﬁ'i ad
e el b de b
74 (10U
87 |7D 2 i
2281062 Allerons full ogainst NO 252 [a2l |, Ailercns full against
{sfick lefh) . (stick left)
0 SR
A 2k,3 SPIN W M>3£’ Lirg'oN
_J
E T
c
5 Elp Allerons full with L E _§Anmm full with
g ° —— e oF ————————‘—F'
2 2% (stick right) 585  (stick right
= 25 ==
MR 2|2
L

onEdeCT W YOYN
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/5% Alleron ——342) i %94 .
C u
” 0.
$% Aileron —-/..971-* "_4"/0_’1 \ /_/ 20
T .1
172" ‘ | 4 |
) -- K i —
Ajleron ] " ’
hinge line A | ; ﬁ -
50% chord i ; 1
" )

Efevator hinge
/ine

N r—
e 3\;\
-—&\ - -

P gl T Iy

——

\i' " \‘.'I."" \‘l‘ o
11.80 85 . 06"
Rudder hinge
Fuselage line '
rerererice 833
line - 6.93"

Figure 1.- Drawing of the %- scale model tested in the Iangley 20-foot

free-gplnning tunnel. Center of gravity positioned at 25 percent
mean serodynamic chord, c. The 15 percent allerons and the externsal
fuel tanks located at the outboard and inboasrd positions are shown in
phantom.
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~— 1.9/~ .
4.45"——
i

c.g. of modc/-\ I

e e ———

. D A

5.46

1.60" -

Figure 2.- Drawing of the external fuel tanks and installation on model.
Inboard tank position shown in phantom.



Figure 3.- The %-ac&le model a3 tested in the Iangley 20-foot free-
spinring tunnel.
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(b) Tanks inboard. |

Figure k.- The 2—10- scale model with external tanks.

23



Figure 5.- The g%-scale mode). spimning in the
spimning tunnel.

langley 20-foot free-

L-5§753

+2

BHEISGT W VOYN




NACA RM I52K2ka . JormenEiiinide _ a5

|209
xIQ”
A
o
@ 1000
-]
S
£
L
5|5 sooll S
HE
Bl
K=
©I= 600
88
Elo
2| a00
o
Q
@«
200
b
IN E
H
‘ 4
0 -200 -400 -600 -800 -1I000x 10
IY-IZ Relative mass distribution __ -Naca
mb? increased along the wings

Figure 6.- Inertis parameters for loadings tested on the Z_]EJ'- scale model.

(Points correspond to numbered loadings in teble II.)
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