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By Walter J. Klinar and Ira P. Jones, Jr. 

SUMMARY 

An investigation has been conducted in the Langley 2O-foot free­
spinning tunnel to determine the spin, recovery, and longitudinal-trim 
characteristics of a 600 delta-wing model throughout an extensi ve range 
of mass loadings. The spin investigation included variations i n the 
relative density, center-of-gravity position, and inertia parameters. 
Glide tests and static force tests were performed to determine whether 
any unusual trimming tendencies above the stall were likely to exist for 
designs of this type. 

The investigation showed that with a single-vertical-tail configu­
ration, the model did not spin for a wide range of values of the inertia 
yawing-moment parameter. As the inertia yawing-moment parameter was 
increased or decreased from this range of values, however, spins were 
obtained. The results showed that, although reversal of the rudder on 
the single-vertical-tail configuration was generally ineffective in 
terminating the spin rotation, movement of the ailerons to full with the 
spin was very effective. When either of two large-dual-vertical-tail 
arrangements were installed, reversal of the rudders also stopped the 
spin rotation. 

The results of the glide tests and the static force tests indicated 
that trim conditions above the stall would generally be obtained when the 
elevators were full up but that trim attitudes above the stall with the 
elevators at neutral or down probably would not be obtained unless the 
center of gravity was relatively far rearward. 
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INTROWCTION 

Because of current interest in delta-wing aircraft, an investigation 
was undertaken in the Langley 20-foot free-spinning tunnel to determine 
the spin and recovery characteristics throughout a wide range of mass 
loadings of a model of a jet-propelled airplane with no horizontal tail 
having a delta wing with a 600 apex angle. For the investigation, the. 
relative density was varied from approximately 15 to 30, the center of 
gravity was varied from approximately 24 to 35 percent of the mean 
aerodynamic chord, and the inertia yawing-moment parameter was varied 

-4 -4 
from approximately -70 X 10 to -1500 X 10 ,the maximum variation 
obtainable on the model. The basic model configuration had a single 
vert i cal tail mounted at the center of the fuselage, bu.t several dual­
vert ical-tail configurations were also investigated. 

In addition to the spin investigation, force tests were conducted 
from 0 0 to 900 a ngle of attack, and tests with the model in free gliding 
flight in the tunnel were also performed to determine the longitudinal 
trim characteristics of the model. The force tests were conducted on 
the model used for the spin and glide tests and also on a larger model. 
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SYMBOLS 

wing span, feet 

wing a rea, square feet 

mean aerodynamic chord, feet 

ratio of distance of center of gravity rearward of 
leading edge of mean aerodynamic chord to mean 
a erodynamic chord 

ratio of distance between center of gravity and fuselage 
reference line to mean aerodynamic chord (positive 
when center of gravity is below fusela ge reference line) 

mass of airplane, slugs 

moments of inertia about X, Y, and Z bo c~ axes, 

respectively, slug- feet2 

inertia ya wing-moment pa rameter 

" 



NACA RM L9L06 

1y - 1Z 

mb 2 

p 

R 

v 

L 
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inertia rolling-moment parameter 

inertia pitching-moment parameter 

air density, slug per cubic foot 

relative density of airplane (~) 
pSb 

Reynolds number 

3 

angle of attack, degrees (For the spin data presented on 
the charts, a is the angle between fusela ge reference 
line and vertical and is approximately equal to the 
absolute value of the angle of attack at plane of 
symmetry. ) 

angle between span axis and horizontal, degrees 

full-scale true rate of descent, feet per second 

full-scale angular velocity about spin aXis, revolutions 
per second 

lift, pounds 

drag, pounds 

pitching moment about center of gravity of airplane, 
foot-pounds 

dynamic pressure, pounds per square foot 

lift coefficient (L/qs) 

drag coefficient (D/qs) 

pitching-moment coefficient (M/qSc) 

angle of yaw about Z body axis, degrees 

elevator deflection , positive when trailing edge is down, 
degrees 
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aileron deflection, degrees 

rudder deflection, positive when trailing edge is to the 
left, degrees 

APPARATUS AND METHODS 

Models 

The model used for the spin investigation and the glide tests was 
1 

of such proportions as to be considered representative of a --scale 
20 

model of a fighter-type airplane, and the dimensional cl~racteristics 
of a corresponding full-scale airplane are given in tabl e I. Figure 1 is 

a three-view drawing of the .2:.-scale model, and the vari ous dual-vertical-
20 

tail a rrangements tested on the model are shown in figw'e 2. Comparison 
of figure 1 and figure 2 shows tffit the wing span of the model was reduced 
somewha t when the dual vertical tails were installed. A photograph of 

the !.-scale model spinning in the tunnel is shown as figure 3. The 
20 

larger model, which was used only for force tests, was considered to 

be a .!...- scale representation of the airplane and is sho'lorn mounted in the 
12 

tunnel in figure 4 . 

For the models used for this investigation, lateral and longitudinal 
control were combined in one pair of surfaces called elevons. Longi­
tudinal control was obtained by deflecting the elevons together, and 
la teral control by differential deflection of the elevor..s. Hereinafter, 
elevon deflections for longitudinal and lateral control will be referred 
to, for simplicity, as eleva tor deflection and aileron d.eflection, 
respectively. 

The ~-scale model was ballasted with lead weights to obtain dynamic 
20 

similarity to a corresponding airplane at an altitude of 15,000 feet 
(p = 0.001496 slug/cu ft). The weight, moments of inertia, and center­
of-gravity location used in ballasting the model were selected on the 
basis of dimensions of an airplane typical of this type. 

A remote-control mechanism was installed in the model to actuate 
the controls for recovery. Sufficient moments were exerted on the 
control surfaces during recovery attempts to move them fully and rapidly 
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Wind Tunnel and Testing Technique 

The tests were performed in the Langley 20-foot free-spinning 
tunnel, the operation of Which is generally similar to that described 
in reference 1 for the Langley 15-foot free-spinning tunnel. 

5 

Spin tests.- The model-launching technique for spin tests has been 
changed from that described in reference 1 in that the model is now 
launched by hand with rotation into the vertically rising air stream. 
After a number of turns in the established spin, a recovery attempt is 
made by moving one or more controls by means of the remote-control 
mechanism. The spin data obtained from these tests are then converted 
to corresponding full-scale values by methods described in reference 1. 

In accordance with standard spin-tunnel procedure, tests were 
performed to determine the spin and recovery characteristics of the model 
for the normal-control configuration for spinning (elevator full up, 
ailerons neutral, and rudder full with the spin) and for various other 
aileron-elevator combinations including neutral and maximum settings 
of the surfaces for various model loadings and configurations. Recovery 
was generally attempted by rapid reversal of the rudder from full with 
to full against the spin. Recovery was also attempted by moving the 
ailerons to an intermediate or full deflection with the spin. For some 
tests, rudder reversal was accompanied by elevator reversal. Tests were 
also performed to evaluate the possible adverse effects of small devia­
tions from the normal-control configuration for spinning. For these 
tests, the elevator was set at two-thirds of its full up deflection and 
the ailerons were set at one-third of full deflection in the direction 
conducive to slower recoveries (against the spin for this model for all 
loadings tested). This particular control configuration is referred to 
as the "criterion spin." Recovery from this spin was attempted by 
rapidly reversing the rudder from full with to only two-thirds against 
the spin or by reversing only the ailerons to with the spin. 

The number of turns required for the spin rotation to cease was 
measured from the time the controls were moved until the rotation was 
terminated. Based on previous spin- tunnel experience, the spin rotation 
was considered to be adequately damped if the model stopped rotating 

within 2t turns after control movement from the criterion spin. 

For recovery attempts in which the model struck the safety net 
while it was still in a 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. The condition existing when the spinning 
motion imparted to the model at launching was damped without movement 
of the controls is referred to as "No spin" on the charts. 
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Force tests.- The lift, drag, and pitching-moment (mta were obtained 
by mounting the models on a six-component electrical strain- gage balance 
in the Langley 20- foot free-spinning tunnel. 

Glide tests. - In order to investigate the longi tud:Lnal trim 

tendencies of the l--scale model for rearward positions of the center 
20 

of gravity, the model was l aunched from a n improvised ramp at one side 
of the tunnel and permitted to glide freely across the t unnel, the 
tunnel air speed being held constant. The a tti tude of the model during 
its flight across the tunnel was determined from studieB of motion 
pictures of the model. Inasmuch as the transverse and vertical angles 
of the camera axis and the horizontal and vertical disuLnces traversed 
by the model in a given time interval had to be estimated, the a ngle­
of-attack data presented for these tests are of qualitat ive nature only. 

PRECISION 

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

a., degree . 
¢, degree . 
V, percent 
it , percent 

Turns for recovery 

Spin tests 

±l 
±l 
±5 
±2 

+!. 
-4 

Force tests 

±0.5 

±3 

The preceding limits may have been exceeded for some of the spins which 
were difficult t o control in the tunnel because of the 10landering or 
oscillatory nature of t he spin. 

Comparison between model and full- 8cale spin resul"r;s (references 1 
and 2) indicates that spin-tunnel results are not alwayl3 in complete 
agreement with a irpla ne spin r esults. In general, the models spun at a 
somewhat higher rate of descent and at from 50 to 100 more outward 
sideslip than did the corresponding full-scale airplane:>. The comparison 
made in reference 2 for 20 airplanes s howed that 80 percent of the models 
predicted sa tisfactorily the corresponding full-scale recovery charac­
teristics and t hat 10 percent overestimated and 10 percent underes timated 
the corresponding full-scale recovery characterist.ics. 
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The limits of accuracy of the electrical-strain-g~ge measurements 
are believed to be as follows: 

1 --scale model 
12 

±0.023 
±0.015 
±0.007 

1..-scal e model 
20 

±0.041 
±0.027 
±0.021 

As has been explained previously, the glide data presented herein 
are considered only qualitative because the attitude of the model could 
not be measured accurately. 

The accuracies of measuring the weight and ma ss distribution of the 
model are believed to be within the following limits: 

Weight, percent . . . 
Center-of-gravity location, percent c 
Moments of inertia, percent 

Control settings are made with an accuracy of ±lo. 

TEST CONDITIONS 

±l 
±l 
±5 

Tests were performed for the model conditions listed in table II. 
For all tests, the landing gear was retracted and the cockpit was closed. 
The mass-distribution parameters for the lo~dings tested on the model are 
tabulated in table III a nd plotted in figure 5 . 

The maximum control deflections used in the t ests were: 

Rudder, degrees: 
Right . 
Left .... 

Elevons, degrees: 
As elevators, 

Up ...•• 
Down 

As a ilerons, 
Up 
Down 

30 
30 

20 
20 

15 
15 
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The same maximum control deflections were used for all the various 
vertical-tail configurations tested . Figure 6 shows the angular deflec­
tions of the elevons plotted against stick position. 

The force tests were made at a ~ of 7.9 pounds per s~uare foot 

with a corresponding Reynolds number of 0 . 45 X 106 for the ~-scale model. 
20 

For the force tests on the ~-scale model, ~ varied from 4 . 2 to 5 .3 pounds 
12 

per s~uare foot, the corresponding var iation in Reynolds number being 

from 0.53 X 106 to 0. 59 X 106. The tunnel speed (and the Reynolds number) 
1 bad to be reduced at the higher angles of attack for the -- - ocale-model 

12 
tests to prevent the model from vibrat ing. The turbulence f actor of the 
spin tunnel is 1 .B. No t unnel-wall or blocking corrections have been 
applied to the force data because of the small size of the models relative 
to the diameter of the t unnel . 

DISCUSSION 

Single -Ver tica l-Tail Configuration 

Spin tests.- The results of the spin tests for the model with the 
single -vertical - tail configuration , which was loaded to represent a n 
a ssumed norm~ l loading for the corresponding full-sca le airpla ne, are 
shown in chart 1. For this loading the center of gravity was posi tione.d 
a t 24 percent of the mean aerodynamic chord, and the inertia yawing-

IX - Iy 
moment parameter and the relative density were equivalent 

mb2 

to -754 X 10 - 4 and 21. 93 , respectively (model loading 7 in table III 
and fi g . 5). As is shown in chart 1, the mo del would not spin for any 
control configuration. For the normal-control configura tion for 
spinning (elevator up, ailerons neutral, and rudder full with the spin), 
the launching rotation was expended rapidly but the model appeared to 
remain in a flat stalled gl ide . Hhen the eleva tor a nd a ilerons wer e 
neutral, the model dived vertica lly, and when the elevator was down the 
model pitched inverted . \'lith the ailerons set full against the spin, the 
spinning rotation imparted on launching was damped very r a pidly and a 
rol ling oscillation sta rted which increased in magnitude until the model 
rolled continuously about the longitudinal body axis . The a ngle between 
the longitudina l body axis a nd the a ir stream usually appeared to be well 
above the sta ll a ngle when the eleva tor wa s up, neutral, or down. vlith 
the a ilerons set at one- third of their full deflection against the spin, 
the rolling motion was again evident, commencing s imultaneously with the 
ces sa tion of the forced-spin rotation . Strip-film motion-picture records 

----~ .-- -.--~-~ 
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showing the cessation of the hand-forced-spin rotation and the ensuing 
rolling motion are shown in figure 7. When the ailerons were set with 
the spin, the results were similar to those obtained with the ailerons 
at neutral. 

The effects of varying the relative density and the mass distri­
bution, the center of gravity being held constant at the normal position, 
are shown in chart 2. As can be seen from this chart, there is a region 
in which the model did not spin which extends from a value of the inertia 
yawing-moment parameter equal to somewhat less negatively than -450 x 10-4 

to a value somewhat greater negatively than -750 x 10- 4; however, the 
model still appeared to remain at attitudes above the stall for all 
elevator-up settings and all aileron-against settings after the launching 
rota tion ceased. Hhen the value of the inertia yawing-moment parameter 
was increased to ~pproximately -70 X 10- 4 or decreased to ~pproxi-
mately -1000 x 10- 4, spins were obtained usually when the ailerons were 
set against the spin; decreasing the value of the inertia yawing-moment 

parameter to approximately -1500 X 10- 4 led to spins when the ailerons 
were neutral as well as when they were against the spin. The spins 
obtained were generally flat and the reversal of the rudder was generally 
not effective in terminating the spin rotation if the ailerons were even 
partially against the spin. Spins obtained with ailerons neutral could 
be terminated by rudder reversal. The data presented in chart 2 indicate 
that there was little difference in the results obtained for the three 
values of relative density tested . 

In order to terminate the rotation of the spins obtained with the 
ailerons either partially or fully against the spin, recoveries were 
attempted by moving the ailerons from against to with the spin, rudder 
and elevator remaining fixed at their initial settings, or by simul­
taneously reversing both the rudder and elevator, the ailerons remaining 
fixed. The results of these tests, presented in table IV for a few 
representative lo~dings, indicate that reversal of both rudder and elevator 
was not effective in terminating the spin rotation, whereas movement of 
the ailerons to full with the spin was effective. The results indicated 
that, although movement of the ailerons partially with the spin would be 
beneficial, in order to insure termination of the spin rota tion for all 
loadings the ailerons should be moved full with the spin. It a ppears 
that within the range of loadings tested, the ailerons instead of the 
rudder and elevator will be the most effective controls for terminating 
the spin rotation of airplanes corresponding to the model tested. 

Comparison of the results of tests presented on charts 3 and 4, 
with those presented on charts 1 and 2 shows the effects of moving the 
center of gravity rearward from normal to 30 and 35 percent of the mean 
aerodynamic chord. These tests were conducted at two mass distributions: 
a mass distribution for which no spins had been obtained a t the normal 
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center-of- gravity location and a mass distribution for which the model 
exhibited strong spinning tendencies at the normal center-of-gravity 
location. When the center of gravity was moved rearward the model spun 
when the ailerons were placed against the spin, but the model still 
resisted spinning when the ailerons were placed with the spin. As had 
usually been the case when spins were obtained at the normal center-of­
gravity location when the ailerons were a gainst the spin, rudder reversal 
was again ineffective in terminating the spin rotation; and, although 
not specifically tested for all conditions, it a ppeared that movement 
of the ailerons to full with the spin would have been effective in 
damping the spin rotation. This conclusion was based on the similarity 
of the spin characteristics for these tests and for those conducted at 
the normal center-of-gravity location. (See table IV.) For those 
control settings for which the model did not spin, or for the spins 
which were terminated by movement of the controls, the model generally 
appeared to remain above the stall after the termination of the rotation. 
As is indicated in charts 3 and 4, when the center of gravity was a t 
30 percent of the mean aerodynamic chord, the elevator had to be set 
to 100 down before the model was observed to dive out of its apparent 
fla t glide, and when the center of gravity was at 35 percent of the 
mean aerodynamic chord the elevator had to be set at 600 down in order 
to make the model pitch to an unstalled attitude. 

Static - force tests and glide tests.- ~he behavior of the model used 
in thi s investigation during its recovery from a spin was different from 
that of a conventiona l model. Generally, the attitude of a conventional 
mode l steepens a s the rotation slows down after movement of the controls 
for recovery so that the model is almost vertica l by the time the rota­
tion has been terminated. The a ttitude of the model used in this 
i nvestigation did not be gin to steepen until after the rotation had been 
terminated and the model had begun to glide. The flight of the model 
could be observed for a time duration corresponding to about 2.5 seconds 
on a full-scale airplane from the time the rotation was terminated until 
the model struck the safety net, so that a very slow change in attitude 
from a flat stalled to an Ullstalled angle of attack would not be 
observable in the tunnel, and the model would thus appear to remain a t 
its initial highly stalled attitude. Accordingly, force tests were 
conducted to determine the trim attitudes that might be experienced by 
a delta-wing airplane having design characteristics similar to the model 
tested for the range of center-of-gravity positions investigated in the 
spin te s t s. As pr eviously indicated) forc e t ests were conduc t ed on 

the ~-scale model used for the spin tests. Because the pitching-moment 
20 

data derived from the ~-scale-model tests were of about the same order 
20 

of magnitude as the precision of the measurements, force tests were also 
made on a larger model which was available a nd which wa s considered to 

~--~. ~---
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be a ~-scale representation of a corresponding full-scale fi ghter-
12 

type airplane. A comparison plot of the aerodynamic characteristics in 

pitch of the ;2-scale and ~o-scale models and of a full-scale airplane 

previously tested by the NACA, which airplane is generally similar tp 
the models tested, is shown in figure 8. As can be seen from this figure, 
the pitching-moment curves of the full-scale airplane and the two mo~els 

show general agreement, although the trim angle indicated by the ~-scale 
20 

model differed somewhat from that indicated by tne full-scale and ~-scale-
12 

model data. The greater portion of the force data presented in this paper 

is for the ~-scale model inasmuch as the pitching-moment characteristics 
12 

of this model were somewhat more like those of the full-size airplane. 

Figures 9 and 10 indicate that the ~-scale model will not trim 
12 

above the stall for neutral or down positions of the elevators even when 
the center of gravity is as far rearward as 35 percent of the mean aero­
dynamic chord. 1{hen the center of gravity is at 35 percent of the mean 
aerodynamic chord, the model is approximately neutrally stable. Inasmuch 
as the slopes of the pitching-moment curves are rather flat, particularly 
when the center of gravity is rearward of normal, a corresponding fUll­
scale airplane might be expected to be slow in changing attitude from a 
high stalled angle of attack to an unstalled condition for rearward 
positions of the center of gravity. This expectation is borne out by 

1 
the results of the spin tests of the ---scale model. 

20 

Because the ~-scale model traversed only a relatively short 
20 

distance during the ensuing glide after the termination of the spin 
rotation (usually about half the diameter of the tunnel), a few glide 
tests were made so that a greater portion of the glide could be observed 
by permitting the model to glide all the way across the tunnel. The 
results of these tests are presented in figure 11 and indicate that the 
rate of change of angle of attack from an initial stalled condition to 
an unstalled attitude was rather slow when the elevator was neutral and 
the center of gravity was at 30 percent of the mean aerodynamic chord. 
When the elevator was up, with the center of gravity at 30 percent c, 
and when the elevator was neutral or up, with the center of gravity 
at 35 percent c, the glide data indicate that the model tended to trim 
above the stall. These results are generally consistent with those 

1 
predicted by the ~-scale-model force data. 

12 



12 NACA RM L9L06 

It a~~ears from the test results that although a delta-wing-air~lane 

configuration similar to the models used for this investigation will 
probably not exhibit a ny trim conditions above the stall unless the 
elevator is up or the center of gravity is so far rearward that the air­
plane is almost neutrally stable, the rate of change in angle of attack 
from a high stalled angle of attack to an unstalled attitude may be 
slow unless the center of gravity is maintained forward of approxi ­
mately 25 percent of the mean aerodynamic chord. In addition, there is 
the ~ossibility that the stick force required to move the stick forward 
to or beyond neutral when the air~lane is at a high stalled attitude may 
exceed the pilot's capabilities, and it may be desirable to install a 
boost apparatus in the control system to assist the pilot in moving the 
controls. 

Mul tiple-Vertical-Tail Configuration 

In order to determine the effects of other vertical-tail configura­
tions on the spin and recovery characteristics of designs of this type, 
the model was tested with several dual-vertical-tail arr angements . For 
these tests small dual vertical tails were added at the wing tips of the 
model, the center tail being retained, and, in addition, the model was 
tested with the single vertical tail removed and two larger sets of dual 
vertical tails alternately added to the wing tips. These tail arrange­
ments are shown in figure 2. The small dual vertical tails were not 
tested alone because they were considered inadequate to provide the 
desired amount of directional stability, whereas the other two larger 
sets of dual tails were deemed capable of providing a directionally 
stable a ircraft. The results of the tests are ~resented on charts 5 and 6. 
The tests were conducted at two loading conditions, one with the center 
of gravity at 30 percent of the mean aerodynamic chord (loading 15 in 
table III and fi g . 5) and the other with the center of gravity at 35 per­
cent of the mean a erodynamic chord (loading 16 in table III and fig. 5), 
with moment s of inertia corresponding to those tested at the normal 
loading . The results with the single vertical tail installed showed that 
the effects of moving the center of gravity rearward from normal (moments 
of inertia mainta ined at their normal values) were similar to the effects 
obtained by increasing or decreasing the value of the inertia yawing­
moment parameter from normal . It is expected that somewhat similar 
effects may exist with the multi tail arrangements installed on the model. 
Thus it appears that the results of tests at the two center-of-gravity 
positions investigated may give a general indication of the results that 
might be expected at other mass distributions. 

As is shown in chart 5, when the center of gravity was at 30 percent 
of the mean aerodynamic chord, all the multi tail arra ngements contribut~d 
sufficient damping to prevent the attainment of a condition of spin 
equilibrium for all control settings except the normal spin-control 

__________ ~ _ ______ ~~ _ _ _ _ __ -"J 
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configurati on . The results indicated, however, that reversal of the 
rudders alone would terminate the spin rotation for this spin. When the 
center of gravity was moved rearward to 35 percent of the mean aero ­
dynamic chord, however, the small-dual - and single -vertical-tail combi~­
tion did not a ppea r to terminate satisfactorily the spin rotation for 
the criterion spin- control configuration by reversal of the rudders, 
whereas the two l arge dual-tail arrangements were still generally 
effective in terminating the rota tion . The results indica te that the 
large - dual -vertical - tail arr angements were more effective in damping the 
spin rotation than the combination of small dual t ai ls and single center 
tail, or the single vertica l t a il alone , a nd, further, that with either 
of the large-dual -vertical-tail arra ngements installed ( 22 a nd 27 percent 
of the wi ng area, respectively) the spin rota tion could be terminated by 
reversal of the rudders . Addition of the dual vertical tails, however, 
did not eliminate the undesirable characteristics in pitch for rearward 
positions of the center of gr avity. 

CONCLUSIONS 

Based on dynamic and static tests of 600 delta-wing models, the 
following conclusions for a similar full-scale a irplane are made : 

1 . Spins obtained will generally be fla t and reversal of the rudder 
will generally be ineffective in terminating the spin rotation. Use of 
twin vertica l tails of sufficient size will be effective in stopping the 
spin rotation but the a irpla ne may tend to remain in a flat stalled 
attitude and it will be necessary to move the stick forward of neutral 
in order to pitch r apidly to a n unstalled a ttitude. 

2 . In genera l, moving the a ilerons to full with the spin will be 
the most effective control movement for terminating the spin rotation . 

3. Sp i ns may not be obtained for a r ange of values of the inertia 
ya wing-moment pa r ameter extending from a pproximately - 450 X 10-4 

I 
to -750 X 10-4

• 

J+. Rea r ward positions of the center of gravity will increa se the 
likelihood of obtaining spins and will require larger elevator - down 
settings to pitch the a irpla ne rapidly to an unstalled attitude . For 
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sa tisfactory longitudinal trim characteristics, it appea rs that the 
center of gravity should be maintained forward of the 25-percent station 
of the mean a erodynamic chord. 

5 . There will be little effect on spin and recovery chara cteristics 
of changes in airpl ane relative density. 

Langley Aeronautica l Labora tory 
Na tional Advisory Committee for Aeronautics 

Langley Air Force Base, Va. 
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TABLE I. - DIMENSIONAL CHARACTERISTICS OF THE MODEL 

~odel values are presented in terms of full-scale value~ 

Length, over all , ft 

Wing: 
Span, ft 
Axea, sCl. ft 

Section, parallel to airplane center line 

Mean aerodynamic chord, ft 
Leading edge c behind apex angle wing, in. 
Sweepback of leading edge of wing, deg 
Tip chord, in. 
Root chord, in. 
Wing dihedral, deg 
Aspect ratio 
Distance from 24 percent c to elevon 

hinge, ft 
Distance from 24 percent c to rudder 

hinge, ft 
Taper ratio 

Elevon: 
Chord behind hinge line (constant), in. 
Axea of each elevon behind hinge line, sCl. ft 

Vertical tail: 
Total area, sCl. ft 
Rudder area behind hinge line, sCl. ft 
Chord behind hinge line (constant), in. 
Aspect ratio 

aDimensions given for dual-vertical tails. 

Small- dual-vertical-tail 
Single-vertical- land single-vertical -tail 

tail configuration configurations 

41.37 41.37 

29 .42 22.83 
375.0 366.4 

Modified Modified 
NACA 65 (06)-006.5 NACA 65 (06)-006.5 

16.99 16.99 
101.98 101.98 

60 60 
0 68.8 

305.8 305.8 
0 0 

2.32 1.42 

10.53 10.53 

11. 86 a13.46 
0 0.224 

34.4 34.4 
33·2 25.7 

67 117 
13.4 a12.4 
19.2 21.0 

1.15 1.0 

Medium-dual­
vertical-tail 
configuration 

41. 37 

22.83 
366.4 

Modified 
NACA 65 (06)-006. 5 

16 .99 
101.98 

60 
68.8 
305.8 

0 
1.42 

10.53 

15.66 
0.224 

34.4 
25.7 

81.2 
21.4 
20.0 

1.58 

Iarge-dual­
vertical-tail 
configura tion 

41.37 

22.83 
366.4 

Modified 
NACA 65(06) -006 . 5 

16.99 
101.98 

60 
68.8 
305.8 

0 
1.42 

10. 53 

18.33 
0 .224 

34.4 
25.7 

100·35 
21.8 
20.0 

1.73 

~ 

~ 
(J 

~ 

§! 
t-I 

tB o 
0\ 

f-J 
\.Jl 
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TABLE II . - TABULATION OF TESTS MADE ON MODELS 

(a ) DYNAMIC TESTS 

Loading IX - Iy 
f.l 

mb2 
x/ c Model confi guration Data pr esented in -

Spi n tests on ~scale model - recovery attempted by full rudder reversal 
20 

7 - 754 X 10- 4 21. 92 0 . 240 Single vertical tail Char t s 1 and 2 
1 - 452 15 ·10 . 240 Single ver tical tail Char t 2 
2 - 772 15 ·00 .248 Single ver tical tail Chart 2 
3 - 999 15 ·00 . 253 Single vertical tail Chart 2 
4 -1524 15 ·10 . 239 Single ver tical tail Chart 2 
5 -76 22 . 20 . 249 Single vertical tail Chart 2 
6 - 491 22. 20 . 248 Single ver tical tail Char t 2 
8 -1008 22. 80 . 255 Single vertical tail Chart 2 
9 -1565 22.60 . 251 Single vertical tail Cmrt 2 

10 - 70 30.20 .235- Single ver tical tail Chart 2 
11 - 480 30 ·30 . 240 Single vertical tail Char t 2 
12 -761 30 .30 . 241 Single vertical tail Char t 2 
13 -1021 30·30 .236 Single vertical tail Chart 2 
14 -1431 30 . 20 . 240 Single vertical tail Chart 2 
15 -749 22 ·90 . 300 Single vertical tail Chart 3 
16 - 697 22 ·90 . 350 Single vertical tail Chart 4 
17 -1442 15 .00 .350 Single vertical tail Char t 4 
15 -749 22 ·90 . 300 { Smal l dual ver t i cal tails } Char t 5 
16 - 697 22 ·90 . 350 plus single vertical tai l Chart 6 
15 -749 22 .90 . 300 Me cl.1um dual vertical tails Chart 5 
15 - 749 22 ·90 .300 Lar ge dual vertical tai l s Chart 5 
16 - 697 22. 90 . 350 Mecl.1um dual vertica l tails Char t 6 
16 -697 22 ·90 .350 Large dual vertical tails Chart 6 

Glide tests on ~-scale model 

15 -749 x 10- 4 22 ·90 0 .300 Single ver tical tail Figure 11 
16 - 697 22 ·90 · 350 Single vertical tail Fi gure 11 

Loading 
IX - I y 

f.l x/c Model configuration Controls moved Data presented in -
mb2 for r ecovery 

Spin tests on ~-Bcale model - recovery attempted by control movement i ndicated 
20 

14 -1 43 X 10- 4 30 . 20 0. 240 Rudder and elevator 
4 -1524 15 .10 . 239 Ailerons 

10 -70 30. 20 . 235 Si ngle ver tical tail 
Ailerons Table IV 

13 -1021 30 · 30 .235 Ailerons 
14 -1431 30 . 20 . 240 Ailer ons 
15 -749 22 .90 . 300 Ailer ons 

(b) STAT1C TESTS 

Model 
Eleva t or Aileron Rudder 

Vert ical-ta 11 x/ c sett i ng, 8e setting , 8a setting, 8r Data present ed De ta presented i n -
configuration scale (deg) (deg) (deg 

1/20 0 0 0 Figure 8 

0. 240 1/12 0 0 0 CL, CD, Cm 
Figures 8 and 9 

1/12 20 0 0 Figure 9 
1/12 -20 0 0 Figure 9 

Si ngle vertica l tail 
. 240, 1/12 -20 0 0 Figure 10 
. 300, 1/ 12 0 0 0 Cm Figure 10 
and 1/12 20 0 0 Fi gure 10 

. 350 

--- -- .~~~---



Loading Weight 
(lb) 

1 8,019 

2 8, 002 

3 7,980 

4 8,047 

5 11,820 

6 ll,842 

7 ll,648 

8 12,164 

9 12,040 

10 16,082 

11 16,132 

12 16,126 

13 16,115 

14 16,059 

15 12,175 

16 12,175 

17 7,972 

TABLE III. - MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR VARIOUS 

LOADINGS TESTED ON THE l.-SCALE MODEL 
20 

~odel values are presented in terms of full- scale values; moments of inertia are given 
about center of gravity; mo~el is in clean conditio~ 

Relative airplane Center-of-gravity Moments of inertia Inertia parameters 
( slug-feet2) density ~ location 

Sea Altitude of IX - Iy Iy - I Z IZ - IX 
level 15,000 feet 

x/c z/c IX Iy I Z 
mb2 mb2 mb2 

9.49 15 .10 0. 240 0.040 6,283 16, 029 20, 502 -452 X 10-4 -207 X 10-4 659 X 10-4 

9.47 15.00 . 248 .0:),3 2, 301 18,914 20,497 -772 -74 846 

9.44 15.00 . 253 .032 2,714 24, 157 25, 330 -999 -55 1054 

9·53 15 .10 . 239 .043 2,815 35, 821 36,737 -1524 -42 1566 

13·98 22 .20 .249 .037 15,900 18,301 32, 834 -76 - 457 533 

14.00 22.20 . 248 .051 8,825 24,467 31,470 -491 -220 711 

13.80 21.93 . 240 .014 3, 989 27,619 29 , 557 -754 -67 821 

14.40 22 .80 .255 .066 4,924 37, 909 40,618 -1008 -83 1091 

14.20 22 .60 . 251 .050 5,190 55,900 57,756 -1565 -57 1622 

19·00 30.20 . 235 .056 21,894 24, 924 43, 914 -70 -439 509 

19·10 30 · 30 . 240 .049 12,636 33,466 43,917 -480 -241 721 

19·10 30.30 .241 .047 5,896 38,902 42,201 -761 -76 837 

19.05 30 ·30 .236 .043 5, 696 49,941 53,125 -1021 -73 1094 

19 .00 30 . 20 . 240 .048 3, 048 64,935 65 ,305 -1431 -9 1440 

14. 40 22·90 . 300 -.0012 4,013 28,539 30, 350 -749 -55 804 

14.40 22.90 .350 .009 4,002 26,826 28,620 -697 -55 752 

9. 44 15·00 . 350 .042 2,880 33,800 34,900 -1442 -51 1493 
-- - '---- -

~ 

§ 
(") 

:r> 

~ 
t-i 
\0 
t-i 
o 
0\ 

f-' 
-.J 



Loading I X - Iy 
(See table III 

and fig. 5) mb2 

TABLE IV.- EFFECT OF VARIOUS CONTROL MOVEMENTS ON THE SPIN -RECOVERY 

Center of 
gravity 

x.jc 

CHARACTERISTICS OF THE ~-SCALE MODEL 
20 

Initial 
IJ. a ileron 

setting 

Initial 
elevator 
setting 

Initial 
rudder 
setting 

Aileron-reversal tests (ailerons reversed to full with the spin unless otherwise noted) 

4 - 1524 x 10- 4 0 . 239 15.10 1/3 against 2/3 up full with 

10 -70 . 235 30.20 full against neutr al full with . 
10 -70 . 235 30.20 f ull against full up full with 

10 -70 . 235 30.20 1/3 against 2/3 up full with 

13 -1021 .236 30 . 30 1/3 against 2/3 up full wi th 

14 -1431 . 240 30.20 full against full up full with 

14 -1431 . 240 30 .20 full against neutral full wi th 

14 -1431 .240 30.20 1/3 against 2/3 up full with 

14 -1431 . 240 30.20 1/3 against full up full with 

14 -1431 .240 30 .20 neutral neutral full with 

14 -1431 . 240 30 .20 1/3 against 2/3 up full with 

15 -749 · 300 22.90 1/3 against 2/3 up full with 

15 -749 · 300 22.90 1/3 against full up full with 

Simultaneous rudder- and elevator-reversal test (rudder and elevators reversed 
to full against the spin and to full down, respectively) 

14 -1431 . 240 30 .20 1/3 against full up full with 

14 -1431 . 240 30 .20 1/3 against 2/3 up full with 

aAilerons reversed to only 1/3 with the spin. 

Turns for recovery 

3/4 

l~ d . 
2' 4 

2 

1/2, 1/2 

1/2, 1/2 

22:., 22:. 
4 4 

2~ 21. 
2 ' 4 

It, It 
1/2 

1/2, 1/4 

a2, a3, a3l 
2 

1/2 

1 

co 

co 

~ 

I 

I 

I 

I 

f-J 
()) 

~ 
f) 
:x> 

~ 
t--t 
\0 
t--t o 
0\ 
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Chart 1. - SPIN Ci!ARACTllRISI'ICS OF MODEL FOR THE NORMAL LOADING; SINGLE VERTICAL TAIL INSTALLED AND CENTER OF GRAVITY AT 24 PEIlCENT C 

[Loading 7 in table ill and figure 5 CX";;2I Y = - 754 X 10-4; " = 21.93} model launched in an erect attitude with the rudder 

fued full with the direction of rotation; rotation to pilot ' 8 righJ 

No spin; launching rota-
tion damps 1n approx1-
mately 10 turns; model 
rolle continuously 
rlth ailerons about 
longitudinal bod,y axi8 

Elevator 

in a flat attitude . g up 
3 

No spin; launching rota-
tiOD damps in approxl-
mately 9 turne ; model 
roil a continuously nth 
a1lerons about longi-
tudiOAl body axis in a 
flat attitude. 

No tlpin; launching rotation 
damps 1n appro:r.1mately 
5 turns; model usually 
pi tchee to a steep 
attitude af'ter tenrdnatio[ 
of spin rotation and then 

I- -----flattens out as it rolla 
Wi th the ailerons. 

~ m 

~ ¥ ::l ~ 

.-< 1,.., 

" 

< 

No spin; l auncblns Tote.-
tiOD damps 1n appro:z:i-
matel,. 3 turns i model 
rolla continuously 
about longi t ud1nal 
bod,y lUi8 in a flat 
attitude. 

I 
I 
I 
I 
I 
I 
I 

Ailerons f~ asa10at 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

I 

No spin; launching rote.-
tion damps in approxi-
mately 5 turns; model 
dives into an 1nverted 
attitude then rolls 
continuousl,. about 
longitudinal bod,y 
axis. 

No spin j launcblne; rota- Ro spin; launching rota-
tien damps In appron- tiOD damps 1n approxi-
matel,. 5 turns; model matel,. 3 turns i model 
remains 1n a flat remains 1n a flat 
glid.e . glide . 

go 

~ 
~ 
0 

~ 
0 

.-< .., 

No spin; launching rota- Al 1erollB No spin; launching rota-
tioD damps in approxl- full with tiOD damps in approxl-
matel,. 5 turns; model mately 4 turne; model 
dives steeply . dives steeply . 

~ 1 
~~ 
~ 
a~ 

No spin; launching rota- No spin; launching rota-
tion damps 10 approxi- tion damps in approx1-
matelr 5 turns; 'model matel,. 4. turns; model 

I-- - - --- pitches to an inverted 1-- ----- pitches to an inverted 
attitude. attitude. 

~ 

2: 
f5 
~ 

~ 

~ 
o 
0'\ 

~ 
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CHART 2(a).- SPIN CHARACTERISTICS OF MODEL FOR A LARGE RANGE OF INERTIA PARAMETERS AND 
RELATIVE DENSITIES; SINGLE VERTICAL TAIL INSTALLED AND CENTER OF GRAVITY AT 24 PERCENT c 

~oadtng as tndtcated; model launched in an erect a ttitude with rudder fixed full with the 
direction of rotation; rec ove ries a tt empt ed by reversing the rudder from !Ull with to full 
against the spin unless otherwise indicated; rotation to pilot's right. For oont rol 
configurations for which "No spin" r ecorded , see chart 1 for description of model motion 
after launching rotation expended~ 

IX - Iy = - 76 x 10-4 ; ~ = 22.20 
mb2 / ~ 

(Loading 5 in table III and fig. 5) ., 
CO) CO) 
0:: 0:: 
0 .... 
r.. as 

76 3U 
., ~ 
.-< as .... « .-<1/<'\ 

192 0.32 Two types of spin No spin 

a 
00 74 -2D 

2 192 0 . 21 No spin 
Elevator ~ up 

a 
00 §' 

.-< 

.-< 
;j .. 
r.. 
0 ., 
as 
> ., 

.-< 
bl 

70 lU 

199 0.30 Aileron s full a gainst No spin Ai lerons full with 

a 
)4 , 00 

No spin 

~udd er reversed from full with to g against 
the sp in. 3 

0:: 
~ 
0 
d 

.-< 

.-< e 
r.. 
0 ., 
as 
> ., 

.-< 
riI 

No spin 

Model values 
converted to 
corresponding 
full-scale values. 
U lnner wlng up 
Dinner wlng down 
~ greater than 10 turns 

No spin 

No spin 

No spin 

a. cf> 
Idegl Ideg) 

V n 
I fps ) (rps) 

Turns for 
recovery 
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NACA RM L9L06 

CHART 2(a) . - SPIN CHARACTERISTICS OF MODEL FOR A LARGE RANGE OF INERTIA PARAMETERS 

AN D RELATIVE DENSITIES; SINGLE VERTICAL TAIL INSTALLED AND CENTER OF GRAVITY 

Ol 
c 

7g 2U 0 
~ ., 

..... 
221 0.41 

..-< 

...: 

a 
00 

2 
Elevator 3" up 

64 lU 

AT 24 PERCENT c - Concluded 

IX - Iy _ 4 
--- -70 x 10- ;/f = 30 . 20 

mb2 -
(Loading 10 in table II I and fig. 5) 
., ., 
c 

..-< 
CIS 
bD 
CIS 

rllr<"\ No spin 

73 2D 

216 0. 41 

a 
c:><> "-;> 

..... 
I 

rl 
;l .... 

I ~ 
0 

I .., 
CIS 

I > ., 
..... 

I w 

I 

I 
Aile r ons ful l I agains t Ail erons full with 

216 0.40 No 
I 

a I 00 
I 
I 
I 

c 
;. 
0 

I 
'0 

..... 
I 

..... 
;> .... 

I M 

I 0 .., 
CIS 

I > ., 
I ..... 

w 

No spin No spin No 

aRudder r evers ed from full wi th to ~ against 
the spin . 

spin 

spin 

Model values 
conve rt ed t o 
co rr esponding 
ful l - Bca l e values. 
U i nner wi ng up 
D i nne r wi ng down 

00 gr eater than 10 turns 

No sp1n 

No sp in 

No spin 

0- ¢ 
Idesl Ideg ) 

V n 
I f ps ) I rps) 

Tu r ns fo r 
reco ve ry 

21 



22 NACA RM L9L06 

CHART 2(b). - SPIN CHARACTERISTICS OF MODEL FOR A LARGE RANGE OF INERTIA PARAMETERS AND 
RELATIVE DENSITIES; SINGLE VERTICAL TAIL INSTALLED AND CENrER OF GRAVITY AT 24 PERCENT C 

~oading ae indicated; model launched in an erect a ttitude with the rudder fix ed full w1th the 
direction of rotation; rotati on to pilot I s right. For configurations for wh ich "No sp~. 
recorded, see chart 1 for description of model motion after launching r otation expende~ 

IX - Iy = 
mb2 

-452 x 10-4;~ = 15.10 (loading 1 in table III and f1g. ·5 ) , 

IX - Iy _ 
----;;;;r- - - 4 

-491 x 10 ;~ = 22.20 (loading 6 in table III and fig. 5 ), and 

IX - Iy - -4~0 x 10-4;~= 30,30 (loading 11 in table III and fig . 5 ) ----;;;b2 -

., 
OJ '" 0:: 0:: 
0 .... 
f., as ., e.J 

'"' as 

No spin :;1 '"'~ No spin No spin 

2 No spin 
Elevator 5 up 

!5' 
'"' '"' ::> .... 
s.. 
0 ., 
as 
I> 
Q) 

'"' w 

Ailerons til 11 a gainst Ailerons fUll with 
No spin No spin No spin 

0:: 
;. 
0 

<0 

'"' '"' ::> .... 
f., 
0 ., 
as 
> 
Q) 

'"' w 

No spin No spin No spin 

~ 

-~~~ .. - -- --- -----



NACA RM L9L06 

CHART 2(c).- SPIN CHARACTERISTICS OF MODEL FOR A LARGE RANGE OF INERTIA 
PARAMETERS AND RELATIVE DENSITIES; SIliGLE VERTICAL TAIL INSTALLED AND 

CENTER OF GRAVITY AT 24 PERCENT 0 

[Loading as indicated; model launched in an erect attitude with the rudder fixed with the 
direction of rotation; rotation to pilot's right. For control confi guration for which 
"No spin" recorded, see chart 1 for description of model motion after launching rotation 
expendec!1 

IX - Iy = -772 x 10-4 ; ~ :: 15.00 (loading 2 in table III and fig. 5) , 
mb2 

Ix - Iy 
~ 

= -754 x 10-\--1 = 21.93 (loading 7 in table III and fig. 5), and 

IX - 1;( 

mb2 = -761 x 10-4;~ = 30.30 (loading 12 in table III and fig. 5) 

., ., ., 
t: t: 
0 ... 
r.. as 
Cl> IlD ..... as 

No spin ~ ..... ...., No spin No spin 

2 
Elevator 3" up 

No spin 

g. 
..... ..... 
;0 .... 
r.. 
0 ., 
as 
> 
Q) 

..... 
~ 

Ailerons full a gainst Ailerons full with 
No spin No spin No spin 

t: 
:. 
0 
'd 

..... ..... 
;0 .... 
r.. 
0 ., 
as 
> 
Cl> 
.-i 
~ 

No spin No spin No spin 

23 
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CHART 2(d).- SPIN CHARACTERISTICS OF MODEL FOR A LARGE RANGE OF INERTIA PARAMETERS AND 
RELATIVE DENSITIES; SINGLE VERTICAL TAIL INSTALLED AND CENTER OF GRAVITY AT 24 PERCENT 0 

~oadlng as lndlcated; model launched ln erect attltude wlth the rudder flx ed full wlth the 
direction of rotation; r ecoveries attemp ted by reversing the rudder from full with to full 
a gain st the spin unless otherwise noted; rotation to pilot's right. For control configurations 
for which "No spin" recorded, see chart 1 f or description of model motion after. launching 
rotation expende~ 

No spln 

2 
Elevator 3 up 

Ailerons 

No spin 

b 

5g 2U 

157 0.15 

~, 2 , ~ 

IX - Iy = -999 x 10-4 ; A = 15.00 
mb2 

(Loading 3 on table III and fig. 5) 

., 
III III 
s:: s:: 
0 ~ 

~ '" ., b/l 
rl '" ~ rllr<) No spin 

72 2D 

166 O.le; 

c 
00 Il. 

" rl 

1 rl 

" .... 

I ~ 
0 ., 

I '" ~ ., 
I 

rl 
iii 

a 

I 49 llD 
full against Allerons full with 

I 160 0.11 

I 1 1 1 
4' 4' 4 

I 
I s:: 

;. 
0 

<C 

I rl 
rl 

" 
'\ 

.... 
~ 
0 ., 

I '" > ., 
rl 

I iii 

No spin No sp in 

motion as it spins. 
~ide radius spin. 
bModel has a whipping 
cRudde r reversed 

the spin. 
2 from full with to 3 agai ns t Model values 

C onver Led Lo 
corresponding 
full-scale values. 
U inner wing up 
D inner wing down 
~ greater than 10 turns 

No spin 

No spin 

No spin 

0. q, 
Idegl Ideg I 

V n 
I fps I I r ps I 

Turns for 
recovery 

... 



NACA RM L9L06 

b 

CHART 2(d).- SPIN CHARACTERISTIC S OF MODEL FOR A LARGE RANGE OF INERTIA 

PARAMETERS AND RELATIVE DENSITIES; SIN GLE VERTICAL TAIL INSTALLED AND 

CENTER OF GRAVITY AT 24 PERCENT c - Continued 

IX - Iy = -1008 x 10- 4 ; ~ = 22.80 
mb2 ./ ( 

(Loading g on tabl e III and fig. 5) 

No spin 

2 
Elevator )" up 

.., 
co co 
<: <: 
o orl 

~ ~ 
rl as 
orl 
..: rllr<"\ 

a 

62 
85 

201 

e 
)3, 

Ailerons full 
No spin 

d 

53 14u 
g3 19D 

195 0. 15 

c,e I ~ 
00 ,22, 2 

No 

6D 

0.1 

e 
;>6 0-;:s 

I 
.-< 
;:l 

I ... 
I J., 

I 
0 .., 
as 

I I> 
Q) 

I rl 

I 
ril 

I 
I 
I 
jagains t 

No 
I 
I 

I 
I 
I <: :-
I 0 

<d 

I rl .... 
I f. 
I ~ , 

I " ., 
I 

as 
I> 
Q) 

I .-i 
W 

I 

8D 

0.1 No 

1 
2 

aModel oscillates in p i tch. 
bMode l oscillates greatly in pitch and roll . 
cModel in flat attitude when rud der was 

r ever sed. 
dwide rad ius spin. 
eRudder reversed from full with to ~ aga inst 

the spin . 3 

spin 

Aile r ons full wi th 
spin 

spin 

Model values 
converted t o 
co rres ponding 
full-scale value s . 
U i nner wing up 
D inner wing down 

25 

No sp1n 

No spin 

No sp1n 

" q, 
(deg ) (deg) 

V n 
(fps) (rps I 

Turns f or 
recovery 
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CHART 2(d).- SPIN CHARACTERISTICS OF MODEL FOR A LARGE RANGE OF INERTIA PARAMETERS AND 
RELATIVE DENSITIES; SINGLE VERTICAL TAIL INSTALLED AND CENTER OF GRAVITY AT 24 

PERCENT c - Concluded 

No spin 

Elevator 2 3" up 

IX - Iy =_ -1021 x 10-4;~= 30.30 
~ 

(Loading 13 on table III and fig. 5) 

'" '" c: c: 
0 .... 
I-< ., ., bO .... '" < .... It<; 

No spin 

78 7D 

166 
a 
00 !r 

.... .... 
:0 ... 
I-< 
0 ., 
'" > ., 

.... 
r.l 

Ailerons full against Ailerons full with 
No spin No 

c: 
:. 
0 
'CI 

.... .... 
:0 ... 
I-< 
0 ., 
'" > ., 
.... 
r.l 

No spin No 

£ 
aRudder reversed from full with to 3 against 

the sp in . 

spin 

spi~ 

Model values 
convert.ed to 
cor r esponding 
full-scale values . 
U inner wing up 
D inne r wing down 

GX) greater than 10 turns 

No spin 

No spin 

No spin 

0. ¢ 
(deg) (de g) 

V n 
( fps ) (rps ) 

Tu r ns fo r 
reco very 
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CHART 2(e).- SPIN CHARACTERISTICS OF MODEL FOR A LARGE RANGE OF INERTIA PARAMETERS AND 
RELATIVE DENSITIES; SINGLE VERTICAL TAIL INSTALLED AND CENTER OF GRAVITY AT 24 PERCENT c 

27 

[Loading as indicated; model launched in an erect attitude with the rudder fixed full with th~ 
direction of rotation; recoveries attempted by reversing the rudder from full with to full 
against the spin unless otherwiee noted; rotation to pilot's right. For contr~l configurations 
for which "No sp~· recorded , see chart 1 for description of model motion after launching 
rotation expendeq) . 

IX - Iy = -1524 x 10-4;~= 15.10 
~ 
(Loading 4 in table III and fig. 5) 

Two conditions possible 

b 

.., .. .. 
<: <: 

g2 lID 0 .... 
r.. cd 
CD ~ 
.-i cd .... 

No sp1n 160 0·33 
..: r-Ilrr\ No spin 

r 
00 66 2D 

2 154 0.12 
Elevator 3 up r §' 

00 
.-i 
.-i 

I e 
I r.. 

0 

I 
.., 
cd 
l>-

I 
CD 
.-i 
iii 

I 
a I 

d,e 

152 911 I 
7U 

lID 79 10D 
Ailerons full against Ailerons full with 

154 0.3C I 173 0.11 

f 
I 1 

0<:) I ~ 

I 

I <l 

I 
:-
0 
'd 

I .-i 
.-i 

I e 
I 

r.. 
0 ., 

I cd 
l>-

I 
CD 
.-i 

I 
iii 

I 

20 llU 
75 13D 

157 0.11 No spin No 

c. f 
l~ OC>. 

a 
bModel has periodic oscillations in roll. 

Model oscillates greatly in pitch and roll. 
cRudder reversed while model in flat attitude . 
dwide radius spin. 
eWandering sp in. 2 
fRudder reversed from full with to 3 against 

the spin. 

spin 

Model values 
convert.ed t.o 
corresponding 
full-scale values. 
U inner wing up 
D inner wing down 
~ greater than 10 turns 

No spin 

No spin 

No spin 

C1 4> 
Ideg) Ideg) 

V n 
I fps ) ( rps) 

Turns for 
recovery 

. 

-----------~~~--------
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CHART 2(e).- SPIN CHARACTERISTICS OF MODEL FOR A LARGE RANGE OF INERTIA PARAMETERS 

AND RELATIVE DENSITIES; SINGLE VERTICAL TAIL INSTALLED AND CENTER OF GRAVITY 

No spin 

a 
gU 

g4 14D 

AT 24 PERCENT c - Continued 

IX - Iy = -1565 x 10- 4 ; ~= 22 . 60 
mb2 

(Loading 9 in table III and fig . 5) 

No spin 

A. 

" ,...., 
,...., 

" ... 
'"' 0 ., 
CIS 
I> 
Q) ,...., 
w 

b,o 

61 2D 

Ailerons full against Ailerons full with· 
0.33 192 

00 

d 

43 6u 
67 10D 

211 0.14 

1,14-. 1 

~odel has periodic osci l lations in roll . 
bwide radius spin. 
~andering spin. 

204 0.12 

~, ~, 11 
1+ 

c:: 
~ .g 

,...., 
,...., 

Z 

'"' 0 ., 
CIS 
> 
Q) ,...., 
w 

No spin 

dModel oscillates greatly in pitch and roll. 
Model values 
con v e r ~ed ~o 

co rr esponding 
f ull - scale values . 
U inner wing up 
D inne r wing down 

00 greater than 10 turns 

No spin 

No spin 

No spin 

a <I> 
(deg) (de g) 

V n 
(fps) ( r ps) 

Turns f o r 
rec ove ry 

.• 
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CHART 2(e).- SPIN CHARACTERISTICS OF MODEL FOR A LARGE RANGE OF INERTIA PARAMETERS 
AND RELATIVE DENSITIES; SINGLE VERTICAL TAIL INSTALLED AND CENTER OF GRAVITY 

AT 24 PEROENT c - Concluded 

I xm:
2

Iy = -1431 x 10-4;~ = 30.20 

(Loading 14 1n table III and f1g. 5) 

.., ., 
'" <: <: 

~9 5D 0 .... 
'"' CIS 
Q) tD 
.-< CIS 

223 :;1 .-<1><: No sp1n 
c 
00 74 lD 

2 229 0.3' Elevator 3" up 
c 
00 1r 

.-< 

.-< 

.:! 

'"' 0 .., 
CIS 
> 
Q) 

.-< 
iii 

a 

S3 5D 46 0 
Ailerons tull against Ailerons full with 

220 254 

c 1 1 
00 4' 4 

<: 
;. 
0 
<0 

.-< 

.-< e 
'"' 0 .., 
CII 
> 
Q) 

.-< 
iii 

a 

No epin 273 O.l~ 

bl bl 
1+' 1+ 

a",.andering spin. 
bAtter recovery trom right spin, model goes 

into left spin. 2 
cRudder reversed from tull with to 3" against 

spin. 
the 

fo}odel values 
conve r t.ed t o 
co rr esponding 
full - scale values . 
U inner wing up 
D inne r wi ng down 
~ greater than 10 turns 

No spin 

-

No spin 

No spin 

" ¢ 
(dea J Ideg) 

V 0 
I fps ) I rps) 

Turns for 
recovery 

29 



CHART 3.- SFIN CHARACTERISTICS OF MODEL WITH THE CENTER OF GRAVITY AT 30 PERCENT c; SINGLE VERTICAL TAIL INSTALLED 

~oading 15 in table III and figure 5 (IX - Iy = -749 x 10-4;~= 22 . 90 ); model launched in an erect attitude with the rudder 
mb2 

full with the direction of rotation; rotation to pilot's right. Model values converted to correspond in 
full-soale values. U inner wing up; 0 inner wing down; 00 great er than 10 turns:] 

Elevator No spin; launching rotation 
full u damps in approximately 12 turns; 

______ ~p~ model rolls cont inuously with 
the ailerons a bout the longi. 
tudinal body axis in a flat 
attitude. 

Elevato r 
neutral 

"1 
I 
I 
I 
I 
I 
I 
I 
I 

E 
2 
levator 

up 

No spln; launchin< r otation 
damps in approximately g turns; 
mojel r olls continuously with 
the ail erons about the longi­
tudinal body axis in a flat 
a tt itude. 

El 
2 
)" 

evator 

down 

~~ 19U 
20 Model ~scillate s 

primarily in 
0 . 22 204 pitch. Rudder re-

versed to J against 
00 __ spin. _____ 

~9 ~OD lU 

0.21 204 
00 

~g ~g 
O.lg 204 

60 ag 72 

0.14 204 

Model oscillates in 
roll, pitch, and 
yaw

2 
Rudde r reversed 

to 3 a gainst spi_n_. ___ 

Model os c111ates 1n 
pitch and spins w1th 
large rad 1us. 

Elevator 
50 down 

Elevator 
100 down 

Large radius spin. 
Model oscillates ln 
pit ch and wanders. 

~
o spin; launching ·r otation damps 

in approx1mately 5 turns; model 
- enters a flat atalled gl i de and 

turns slowly to rlght , oscl11a-
1ng in pitch as it gl i des . 

No spin; launching rotation 
damps out in appr oximately 5 
turns; model enters a flat 
glide. 

No spin; after launching 
rotation danips, mod el enters 
a flat glide. 

No spin; after launching 
rotat10n damps, model goes 
into a dive. 

~ 

Eleva tor 
full dow,: B---------No spin; launching rotati 

damps in approximately 6 
model enters steep dive t 
flattens and starts to ro 
continuously with the aile 

- ---- - --- - -

No spin; launching rotat10n 
damps in approximately 5 turns; 
model enters a steep dive; 1--

u~ the lbn~1tud1nal body 

Ailerons 
full against 

ax1s Ailerons 
j aga1nst 

goes inverted. 

Al1erons 
neutral 

(d~) I (d~g) Descrip-
...n.. 1 (f;S) 

tion of (rp s ) spin 
Jl:urns for recove r y py 
ull r udder reversal 

o spin; launching rotation damps 
n 1 turn; model enters a flat 
taIled gl i de and begins turning 
o t he left before striking 

~afety net. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

No spin; launching rotation 
damps in approximately 3 turns; 
model enters a flat stalled gli& 
and begins turning to the left 
before strikin~ safety net. 

"1 

NO spin; launching rotation 
damps out in approximatsly 3 
turns ; model enters a steep 
dive. 

f 
Ailerons ~ 

full with ~ 

l.JJ 
o 

~ 
~ 

~ 
t"i 
\0 
t"i o 
0\ 



Elevator 
full up 

Elevator 
neutral ----

Elevator 
full down 

I) 

CHART 4(a).- SPIN CHARACTERISTICS OF MODEL WITH CENTER OF GRAVITY AT 35 PERCENT c; SINGLE VERTICAL TAIL INSTALLED 
r. IX - Iy 6 -4 ~oading 16 in table III and figure 5 ( 2 = - 97 x 10 ;~ = 22.90); model launched in an erect attitude with the rUdder 

mb 
full with the direction of rotation; recovery attempted by reversing the rudder from full with to full against the spin 
unless otherwise noted; rotation to pilot's right. Model values converted to corresponding full· scale values. 
U inner wing up; D inner wing down; 00 greater than 10 turn~ 

go 
3aU Model spins in very flat No spin; launching rotation damps in 

97 2 D attitude and oscillates approx ima te ly 6 turns; model enters a 
greatly in roll. Slight --- flat stalled glide of large radius; 

0.34 197 pitching oscillations also model oscillates in pitch during the 
0<> iPresent. glide. 

I 44 llU Model oscillates greatly 2 I 120 UP I Eleva tor") up I in pitch and wanders. 

go 6 
g7 6 

0.27 19 
00 

No spin; 
approxima 
and rolls 
continuou 
a bout the 
vertical 

Rudder reversed to ~ 
I 

0.11 201 
I 7, 00 against spin. 
I 

I 
U No sp in; launchin 
~ Flat steady sp in with only approximately 5 t 

slight oscillations in 1-- .- wide radius flat 
~ roll and pitch. lates in pitch du 

, 
launching rotation damps in No spin; launchin 
tely 10 turns; model pitches approximately 14 
into a steep d ive with --- a flat glide, mod 

s rOllin~ with the ailerons during the glide. 
longitu in~bOdY axis; 

velocity: 1 • 

g rotation damps in 
urns; model enters a 
glide; model oscil­
ring the glide . 

g rotation damps in 
turns; model enters 
el oscillates in pitch 

A. i e 
full 

rons 
against t Ailerons 

I 1. against 
3 

Elevator 
500 down 

Elevator 
600 down 

No spin; after launching rotation 
damps, model enters a flat glide; 
model oscillates in pitoh during the 
gl i de. 

No spin; after launching rotation 
damps, model eith~r pitches inverted 
or begins a tumble. 

1 
Ailerons neutral 

--

No spin; launching rotation damps in 
approximately 4 turns; model enters 
a flat glide and begins turning to 
the left before striking safety net. 

I 
I 

1 

No spin; launching rotation damps in 
approximately 4 turns; model enters a 

--~ flat glide which oscillates in pitch 
and begins turning to the left before 
striking the _safety net. 

No spin; launChing rotation damps in 
approximately 5 turns; model enters a 

--~flat glide Which oscillates in pitch 
and begins turning to the left before 
striking the safety net. 

~ 
(deg) 
..n.. 

(rps) 

(d~gJ 
V 

( fps) 

1 
Ailerons 
full with 

Des cript ion of 

ITurns for r ecovery by 
spin 

full rudde r reversal 

~ 

~ 
~ 

~ 
~ 
\0 
~ o 
U\ 

l.AJ 
I-' 
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CHART 4b .- SPIN CHARACTERISTICS OF MODEL WIT!! CENTER OF GRAVITY AT 35 PERCENT c; 

SINGLE VERTICAL TAIL INSTALLED 

NACA RM L9L06 

[toadiIl8 17 in table III and figure 5 eX~2IY : - 1442 X l~; ~ : 15 .00 ) model launched 

in an erect attitude with the rudder full with the direction of rotation; recoveries attampted.bJ 
reversiIl8 the rudder from full with to full against the spin unless otherwise noted; rotation to 
pilot ' s right 

86 2lU 
llD 

+' 
~ ~ 

159 0 . 33 ei No spi n 

~ '" 
00 ~~ (See 

~ chart 4(a)) 

Two condi ti~ r.a possible 

79 
l3U §' 

6D ~ 

Elevator 2/3 up ~ 
No spin 159 0 .18 " 0 

~ 
(See a t> 

" chart 1 ) CO fj 

84 7U 
6n 

Ailerons full against Ailerons full with 
159 0 .27 ... No spi n 

00 
(See 
chart 4(a) 

~ 
od 

~ 

3 .... 
~ 
~ .. 
Ql 
~ 
fZ1 

I.-

No spin No spin 

(See (See 
chart 4(a)) chart 4(a)) 

2 
"Rudder reversed from full with to 3" against the spin M<>del values 

converted to 
co r responding 
full-scale values. 
U inne r wing up 
D lnner wing down 

CO greater than 10 turns 

~~------ - ------- ----

No spin 

(See 
chart 4(a) 

No spin 

(See 
chart 4(a ) ) 

No spin 

(See 
chart 4(a)) 

0. 

'" (deg) (deg) 

V n 
( fps ) (rps) 

Turns for 
recovery 
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CHART 5.- SPIN CHARACTERISTICS OF MODEL WITH VARIOUS VERTICAh TAIL ARRANGEMENTS I NSTALLED; 
CENTER OF GRAVITY AT 30 PERCENT c 

33 

~Oading numbe r 15 on table III and fig. 5 (IX - Iy = -749 x 10-4;~= 22.90); tail arrangement 
mb2 

as indicated; model launched in an erect attitude with the rudders fixed full with the d 1rection 
of rotation; recover1es attempted by reversing the ruddern from full with to ful l aga~st the 
spin unless otherwise noted; rotation to pilot's righEj 

Small dual and single vertical tail installed (f i g. 2 ) 

a ., 
'" 

., 
c c 
g .... 

CIS 

'" M ..... CIS 

No spin < rl~ 204 O.l€ 

(See 
chart 3) 

2 
No spin 

Elevator )" up 
(See 
chart 1) Po 

:> 
..... 
rl 
:> .... 
H 
0 ., 
CIS 
> ., 

...... 
t-1 

Ailerons full a gainst Ailerons f ull with 
No spin No spin 

(See (See 
chart 3) chart 3) 

c 
~ 
'd 

..... ..... 
~ .... 
~ 
0 ., 
CIS 
> ., 

..... 
t-1 

aLarge radius flat spin. Termination of spin 
rotation indicated to be rap id from this spin 
by reversal of rudders inasmuch as forced 
spin rotation damped rapidly when model was 
launched with the rudders set agains t spin. 

Model values 
con vert.ed to 
co rr espondl ng 
full-scale values . 
U inner wi ng up 
o inner wing down 

I 

a. q, 
(degl (deg) 

V n 
(fps I ~ rps I 

Tu r n:: (or 
reco very 



CHART 5.- SPIN CHARACTERISTICS OF MODEL WITH VARIO~S TAIL ARRANGEMENTS 
INSTALLED; CENTER OF GRAVITY AT 30 PERCENT c - Continued 

Medium size dual vertical tails i nstalled (fig. 2) 

., ., <Il 
c:: c:: e .... 

as 
Q) bD 
.-< as 

No spir :;/.-<1,...., 

(See 
chart 3) 

No spin 

Elevator 
2 
"3 up 

(See 
chart 1) 

Ailerons full against 

No spin 

(See 
chart 3) 

~odel appears to remain in stalled glide 
after termination of spin rotation. 

196 

al 
"2 

Po 

'" .-< 
.-< 

Z 
s.. 
0 ., 
as 
;. 
Q) 

.-< 
fzl 

c:: 
;. 
0 
'd 

.-< 

.-< 

'" .... 
s.. 
0 ., 
as 
;. 
Q) 

.-< 
fzl 

0.11 

Ailerons full with 

Model values 
converted t.o 
corresponding 
full-scale values 
U inner wing up 
D inner wing down 

NACA RM L9L06 

No spin 

(See 
chart 3) 

Cl <I> 
I deB I Ideg I 

V n 
I fps ) I r ps I 

Turns fo r 
recovery 

--------- . .. --
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CHART 5.- SPIN CHARACTERISTICS OF MODEL WITH VARIOUS VERTICAL TAIL ARRANGEMENTS 
INSTALLED ; CENTER OF GRAVITY AT 30 PERCENT c - Concluded 

Large size dual vertical taile installed (fig. 2) 

.. a,b ., <Xl 
s: s: 
0 .... 
M CIS 
Q) bO 

.-< CIS 

No spin =< '-<1": 

(See 
chart 3) 

2 No spin Elevator ') up 

(Se1l 
chart 1) 

Ailerons full against 

aA "No apin" condition also ob tained. 
bOsc111atory apin. 
cModel goes into left apin after recovery 

from right spin. 

Its 
90 

2M 

cl 
2' 

'" " .-< 
.-< 

" .... 
M 
0 ., 
CIS 
> 
CD 

.-< 
til 

s: 
~ 
"" .-< 
.-< 

" .... 
M 
0 ., 
CIS 
I> 
CD 

.-< 
til 

lOU 
15D 

0 . 10 

c l 
2 

Ailerons full with 

Model values 
con vert.ed t.o 
co rr esponding 
full - sca l e values . 
U inner wing up 
D inne r wing down 

No spin 

(See 
chart 3) 

" <J> 

Idesl Idegl 

V n 
I Cps I I rps I 

Turns for 
recovery 

35 
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CHART' 6 . - SPIN CHARACTERIS·TI CS OF MODEL WI TH VARIOUS VERTICAL TAI L ARRA NGEMEN TS I NSTALLED; 
CENTER OF GRAVITY AT 35 PERCENT C 

U.oading; number 16 on table III and fig . 5 ( IX - Iy = - 697 x 10- 4; ~ = 22.90); t all 
as in~lcated; model launche d i n an erect a~~1tude wlth the r uddern f lxed f ull wl th 
dlrec.t 1on of r o tatlon; recoverles a t tempt ed by rever slng the rudders f r om fu ll wlth 
agal rust the spln unles s otherwls e not ed; r otatlon t o pl1ot 's r lgh:] 

Small dual and slngle ver t lcal ta ll lnsta lled ( r ig. 2) 

a ,b 
+> 

70 1]l.9U OJ OJ 
.: c 

Be 24D 0 ..... 
I M as 

10 . 25 

v .., 
rl as 

196 
..... 

rlJr<l <C 

In 3U 
QO 120 20U 

2 
Eleva tor 3 up 

196 0.09 

c~ , c 1 
2~ 

§' 
rl 
rl 
;:! ... 
M 
0 
+> 
os 
I-., 
rl 
iii 

b 

81 III ,D 

Al1erons full aga lns t A1lerons tU ll w1th 

196 0. 2 

1 
32" 

c 
:. 
0 
'd 

rl 
rl 
;:! ... 
M 
0 
+> 
os 
l-
v 
rl 
lsi 

a Os c i llllator y spin . 
bA "No spln" c ond l t lon also obtained . 

0-

Ides) 

V 
I f ps) 

arr a ngement 
t he 
t o f ull 

'" Id e g I 

n 
I rps) 

cModeli. appears to remain ln s t all ed glld e a f ter 
ter~tlon of 8Pl~rotatlon. Rudder rever~ta 
fro~ fu l l wlth t o 3 agalnst the spln . 

Mpde l values 
con ve r ted t o 
c o rr e s ponding 
f ul l- scale values. 
U inn e r wi ng up Tu r ns fo r 
D i nne r wi ng down 
~ greater than 10 turn s 

r eco ve r y 
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a 

CHART 6.- SPIN CHA~4CTERISTICS OF MODEL WITH VARIOUS VERTICAL TAIL ARRANGEME NTS 
INSTALLED; CEN TER OF GRAVITY AT 35 PERCENT c - Continued 

Me d i um size dual vertical tails in s tall ed 
(fig. 2) 

a .., 
'" 

., 
c c 
0 .... 
I-. CIl 
Q) bD 

.-< CIl 

No ~p in ~ MIt<' 196 0. 1< 

( See b b 
char t 4) 1 . 1 

2 No sp i n El eva tor "3 up 

(See 
chart 1) p. 

" .-< 
.-< 

" ... 
I-. 
0 .., 
CIl 
> 
Q) 

.-< 
(., 

l 6u 
go l3D 

Aileron s full a gainst Ailerons f ull with 
199 fa· 22 

00 

c 
;. 
0 
'd 

.-< 

.-< 

Z 
I-. 
0 .., 
CIl 
> 
Q) 

.-< 

"" 

No sp in No spin 

(See (Se e 
chart 4) chart 4 ) 

a 
A "No sp i n" cond1tion al so obtained . 

bModel appea rs to remain i n stalled glide 
after t er mina t i on of sp i n rotation. Model values 

convert.ed to 
corresponding 
full - scale values . 
U i nner wing up 

(1 

(desl 

V 
(fps I 

Tu r ns 

¢ 
(desl 

n 
(rps J 

for 
o inne r wing down recovery 
~ gr eater than 10 tur ns 

37 
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CHART 6.- SP I N .CHARACTERISTICS OF MODEL WITH VARIOUS VERTICAL TAIL ARRAN GEMENTS 

I NSTALLED; CENT~R OF GRAVITY AT 35 PERCENT c - Con cluded 

Large s i ze dual vertical t ail s insta ll ed (f i g. 2) 

Two t ype s of sp i n ., 
8U <Jl <Jl 

c c 
82 3D 0 .... glj. 

I-< as 
" bO .-< as 

208 O. l g ;;! ,-<I<'" 208 

a l 
a

l 
bl 

lj:' If ~ ' 

2 
Elevator ') up No sp i n 

(S ee 
char t 1) 

Aile r ons full a gain s t 
No sp in 

(See 
cha r t 4 ) 

~od el appea r s t o remain i n s t a lled glide 
a fte r t e r mina t i on of sp in r o tat i on. 

bModel goes i nto l e ft spi n afte r r ecove r y 
f r om right sp in . 

58 28U 
3D 113 2lj.D 

0 .10 20g 

bl 
bl b~ 

~ lj: ' lj: 

"-:;l 

.-< 

.-< 
:;l .... 
I-< 
0 .., 
as 
> 
" .-< 

(zJ 

Ai lerons full wi th 
No sp i 

(See 
chart 4 ) 

c 
;. 
o' 
<d 

.-< 

.-< 
:;l .... 
I-< 
0 ., 
as 
> 
" .-< 

(zJ 

Model values 
convert.ed to 
corresponding 
full-scale values 
U inner wing up 
o inner wing down 

No sp in 

(See 
chart lj. ) 

No spin 

(S ee 
char t It ) 

a <I> 
(deg) (deg) 

V n 
( fps ) (rps) 

Turns fo r 
recovery 

L_ 
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20.95" 

5.66" 

~----------~-- /7.66"----~~ 

~ 
1------ 11.80 '-' -----+-0-------9.15" - --·~~.961/ 

Rudder hinge 
line Tl 

6.9.3 " 

.I4\: 
~-- ------~~~~====~~~~c===~=====--- I 
I. ---------~ 24.82."---J 

39 

Figure 1.- Drawing of the ~-scale model tested in the Langley 20-foot 
20 

free-spinning tunnel . Center of gravity positioned at 24 percent c. 
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I 6-85" =:1 
f--- 13. 70"----------j--1 

I .. 
~------,,----~~ 

~ .. ------------------- 17.52 -----------~ 

~-------------- 17.52"-----+- 4.60" 

---

NAeA RM L9L06 

f 
3.20" 

TJ 
4.'00'1 

" 5.60 

----
17. 52'-' --~-+--- 6.30"---+-l LO" 

~ 

Figure 2 .- Comparison of the various vertical-multitail arrangements 

tested on the ~- scale model (values are model dimensions). 
20 
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~ ~ 

L-5G754 

Figure 3.- Photograph of the JL - scale mode l spi nning in the Langley 
20 

20-foot f r ee- spinning t unnel. 

41 
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Figure 4.- Photograph of the ~-scale model mounted on the strain-gage 
12 

balance in the Langl ey 20-foot free-epinning tunnel . 
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Relative mass distribution 
increased along the wings 

Figure 5.- Inertia parameters for loadings tested on the ~ -scale model. 
20 

(Points are for loadings listed in table III . ) 
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--Right 
elevon 

----Leff 
elevon 

53 ru/I 

~ Sf/ex Jeri -- SheA nqhf ~ 

Figure 6.- El evon deflecti ons used on the models for various contr ol­
s t i ck posi tions . 
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Figure 7.- Typical rolling motion of the l_ scale model with ailerons 
20 

set against the spin fol lowi ng launching with spinni ng rotation. 
The center of gravity is at 24 per cent c. Camer a speed is 64 frames 
per second. 
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Figure 7. - Continued. 
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Figure 7.- Concluded . 
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Figure 8 .- Comparison of the aerodynamic characteristics in pitch of 

the l - and .l. - scale models and a similar full-scale airplane. 
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Center of gravity at 24 percent c. ~ = 0° , 5e = 0°, 5a = 0°, 

5 = 0° r . 
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Figure 9.- Aerodynamic characteristics in pitch of the ~ -scale model . 
12 

Center of gravity at 24 percent c. W = 0°, or = 0°, 0a = 0° . 


