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ADVANCE CON~IDENTIAL REPORT 

DETER ,UNATION OF THE STABILITY AND CONTROL CHARACTERISTICS 

OF A TAILLESS ALL- WING AIRPLANE MODEL W ITf! SWEEPBACK 

IN THE LANGIEY FREE - FLIGHT TUNNEL 

By John P . Campbell and Charles L . Seacord , Jr. 

An investigation to determine the power - off stability 
and control characteristics of a tailless all-wing air 
plane model with sweepback has been made in the Langley 
free-flight tunnel. The results of the free - flight
tunnel tests were correlated with results from force tests 
made at high Reynolds numbers in order. to estimate the . 
flying characteristics of the full-scale airplane . 

The investigation consisted of force and flight tests 
of a 4.3-foot-span dynamic model. The effects of flap 
deflection, center - of - gravity location, and addition of 
vertical-tail area were determined. 

The following conclusions were drawn from the results 
of the investigation: The full - scale airplane will 
underg o a serious reduction in stick-fixed longitudinal 
stability at high lift coefficients unless early Wing-tip 
stalling is eliminated . The directional stability of an 
all-wing airplane without vertical tail surfaces will be 
undesirably low. The effective dihedral of an airplane 
of this type should be kept low . An elevon and rudder 
control system similar to that used on this design should 
provide sufficient control. 

INTRODUCTION 

The desire to obtain improved performance for mili
tary air p lanes has recently increased the interest· in 
tailless-airplane designs . One of the most promising 
tailless designs , from the consid ations of performance , 
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is the large all-wing airplane or 11 flying wing . II Inherent 
in the all-wing airplane, however , are certain undesirable 
stabi11ty and control characteristics that must be elimi
nated before this design can be considered satisfactory. 
In order to study these stability and control character
lstics and to find means of improving them, an investi
gation is being conducted in t:1e Langley free-flight 
tunnel (designated FFT) of a free-flying dynamic model of 
a tailless all-wing airplane with sweepback. 

The preeent report gives the results of force and 
flight tests of the model with wind:nilling propellers. 
Tests were made with the 11ft flaps retracted and 
deflected. For some tests, auxiliary vertical tail sur
faces were installed on the model . The effects of changes 
in the center-of-rravity location and trim lift coeffi
cient on the fli8ht characteristics of the model were 
determined. 

In order to estir.18.te the flying characteristics of 
the full-scale airplane, the test results were correlated 
with results of force tests of a similar design run at 
bigh Reynolds numbers in the Langley 19-foot pressure 
tunnel (deSignated 19-ft PT). 

SYMBOLS 

The following symbols are used herein: 

CL lift coefficient (Lift/qS) 

CD drag coefficient (Drag/qS) 

Cm pitching-moment coe fficient (Pitching moment/qcS) 

C1- rolling-moment coefficient (Rolling moment/qbS) 

Cn yavJing-moment coefficient (Yawing moment/qbS) 

Cy latera l-force coefficient (Lateral force/qS) 

c chord, feet 

~ mean aerodynamic chord, feet 

~--.~~---. --.-~ 
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S wing area , square feet 

b 

q 

V 

a 

h 

wing span, feet 

dynamic nressure . pounds per square foot (~p v2) 
airspeed , feet per second 

mass density of air , slugs per cubic foot 

angle of sideslip , degrees 

angle of yaw , degr ee s ( for force - test data , 
\jJ = - ~) 

angle of attack , degrees 

static margin , distance 111 chords from center of 
gravity to neutral uoint 

helix angle generated by wing tip in roll, radians 

roll ing anguldr vel oc t ty, radian s per se cond 

rate of change Of ~811 Jing-mOment coeffictent 

he lix angle l" (~b 
with 

rate of change of yawing- moment coefficient with 
angle of sideslip , per degree (OCn/O~ 

rate of change of rolling- mom·ant coefflc:tent wi th 
angle of sideslip, per degree ( OCL/OP) 

flap deflection, degrees 

elevon deflection , posi t ive down , degree s (with 
subscripts Or and L to indicate right and 
left elevon , respectively) 

rudder deflection, positive down , degrees (with 
subscripts I' and L to indicate right and 
left rudder , respectively; if both right and 
left top rudder surfaces are deflected 
simultaneous ly as longitudinal trim flaps , no 
subscript is used) ° 
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APPARATUS 

The investigation was made in the Langley free
flight tunnel, which is described. in reference 1 . A 
photograph of the test section of the tunnel s howing 
the model in flight is presented in figure 1 . Force 
tests to determine the static s tabi lity char ac t e ristics 
were made in the Langley free - flight tunnel wi th the 
model moun ted on the six - component balance , which is 
described i n reference 2 . 

The mass and dImensional characteristi cs of the 
mode l are as follows : 

~eight, Y,)ound s . . . .. •• • • • • • • • 2 . 5 5 
Wing area , square feet .•• • • . • 2 .51 
S Dan, fee t . . . . . .. ..• • . . . . 4 . 3 
Aspect ratio . . . . . . . . • . • •. ... 7 .36 
Wing loading , D01.mds ner square foot . 1.02 
Radius of gyrati on in roll , ' kX ' foot . . .. 0 . 78 
qadius of gyration in nitch , k y , foot . . . 0 . 35 

Badlus of gyration in yaw, kZ ' foot . . . 0.82 
Mean aerodynamic chord, foot • • • • • • . •• 0 . 65 5 
Sweepback of 0 . 25 - chord line , degree s .••. 22 . 00 
Dihedral, degrees .• ...••. .... •. 0 
Taper ratio ( rati o of tip chord to root chord ) . . 0 . 25 
Ro ot chord , foot . . . • • • • . 0.937 
Tip chord , foot . . . • • • • • . . 0 . 234 
Elevon : 

Type .. .. 
Area , percent wing area . . . . • • . . .. 
Span , percen t wing s pan . 

Plain 
5 . 40 

38 . 00 
Rudde r: 

Type ... . . . . . . . • • • • . . 
Area , pe rcent wing area ..•.••. 
Span , pe rce nt w:i.ng span .•••• 

Vertical tail s: 
Type ... . . . . . . . . 
Area , percen t wing area 
As pec t ratio . . . . . • • • • 

Split, d rag 
2 .86 

. . . 20.00 

Twin center fins 
4 . 00 
2 . 00 

-------~~------
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Airfoil section .... · Modified NACA 103 
Root , percent thi ckness . 
Tip , percent thickness 

Geometric twist , degrees . 
Aerodynamic twist , degrees .. 

. . . . . . . . . 2 1 
15 

· . . . . . . . . b 
· ... (approx . ) 4 

The component par t s of the mode l are i dent i fied i n 
the tables and figure s as follows: 

Wing . . . . . . . . . . . . . .. . vV 
Propeller shaft housing s . . . . . . • • • . . • H 
Propellers . . . . . . . . . . . . . . . . . P 
Vertical tails; two tai l s mounted on nacel l es , 

each tail having 2 pe r cent of wing area . . . V 
Split flap (center - secti on lift flap , of = 600 ) ••• F 

Combinat ions of t hese l e t te r s represent the combination 
used in t he t ests . The standard configurati on i s desig 
nated WHP . A three - v i ew drawing of the mode l i s 
pr esented in figure 2 . Photographs are g iven in figures 3 
and L~. In plan form the wing has both sweepback and taper 
and has a split flap that extends from the center line of 
the airp lane to the inboard ends of the elevons . For a l l 
flap - down tests , the flaps were deflected 600 • 

from 

The control 

0 . 33
b 

to 
2 

surfaces consist of elevons that extend 

0.7l~ and split rudders ( fi g . 5 ) that 

b b extend from 0 . 712 t o 0 . 912 , The split rudder is 

so linked with the elevon that in flight tests the lower 
surface of t he rudder moves down with the downgo ing elevon 
and the upper surface moves up with the upgoing elevon . 
This linkage arrangement provides additional effective 
aileron- and elevator - control- surface are a as shown in 
figure 6 . 

The upper sur faces of the spl i t rudders can be 
deflected upward simultaneous l y to serve as trim flaps 
to provide pitch i ng moment for long itudinal tr i m when 
the lift flap is deflected . The lower surfaces of the 
split rudders remain at zero when the top surfac es are 
deflected as tr i m flaps . 

The contro l s of the model were operated in flight 
by electromagnets in the same manner as descr ibed in 
reference 1 . 



6 
••••• 

"" .. •• •• .... . ..... 
••• ••• •• .. • • ••• •• 

: N·A~ A .1C~ : No . L5A13 
• • ••• ••• • • ••• •• 

For some tests vertical tail surfaces having a 
combined area of h percent of the wine; area were mounted 
on the propeller - shaft housings to provide additional 
directional stabllity . (see fies. 2 and 4.) 

Por propeller-on tests the model was equipped with 
two freely windmilling two-blade pusher propellers. 

A n:odified NACA 103 airfoil with a thickness of 
21 percent at the root and 15 percent at the tip was used 
on the model. The trailing edge was reflexed enough to 
give a slightly positive pitching moment at zero lift. 
This airfoil was used to obtain a maximum lift coefficient 
in the free-flight (low Reynolds number) tests more nearly 
equal to that of a full-scale airplane than is possible to 
obtain with other airfoils (especially low-drag airfoils) 
at low Reynolds numbers. 

The free-flight-tunnel model was almost identical 
in plan form to the model used in the tests at highe r 
Reynolds numbers in the Langley 19-foot preesure tunnel. 
The models differed in airfoil section, geometric dihedral, 
and geometric twist. The airfoil sections of the model 
tested in the Langley 19-foot pressure tunnel were 
NACA 65(318)-019 at the root and 65(318) -015 at the tip; 
the geometric dihedral of this model was 2 0 compared 
with 00 for the free -flight-tunnel model . The model used 
in the Langley 19-foot pressure tunnel had 40 geometric 
twist, whereas the free-flight-tunnel model had a geometric 
twist of 60 • The aerodynamic twist for both models, 
however, was approximately 40. 

TESTS 

Force tests were made to determine the stability and 
control characteristics of the model with flaps retracted 
and deflected. The moments were computed with the center 
of gravity at 0.25 mean aerodynamic chord and are referred 
to the stability axes. The stability axes are defined as 
an orthogonal system of axes in which the Z-axis is in 
the plane of symmetry and perpendicular to the relative 
wind, the X-axis is in the plane of symmetry and perpen
dicular to the Z-axis, and the Y-axis is perpendicular to 
the plane of symmetry. 'J.lhe conditions in which force 
tests were made are given in table I. 

-- -~--~--~-. 
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Flight tests were made at lift coefficients varying 
from 0 . 3 to 0 . 8 with flaps retracted and from 0 . 6 to 1.1 
with flaps deflected . The center-of-gravity position was 
varied from 20 to 25 percent of the mean aerodynamic chord 
for flight tests in both the flap-retracted and flap 
deflected condition . Table II gives the conditions for 
which flight tests were made. 

RESULTS AND DISCUSSION 

In interpreting the results of the free - flight- tunnel 
tests of the tailless all - wing mode l the f ol lowi ng points 
were considered : 

(1) The tests were made at very low Reynolds number s 
(150 , 000 to 350 , 000) ; hence , the results of the tests of 
a similar design made at high Reynolds numbers 
(about 6,600,000) were used in estimating the flight 
characteristics of the full - scale airplane from the f r ee 
fli~ht-tunnel test results . 

(2) The controls of the model were fixed except 
during control applications; hence , no indications of the 
control-free stability of the design were obtained . 

(3) In determining the control effectiveness of the 
design , no consideration has been given to control forces . 

(4) No power was applied to the propellers during 
t he tests. The results , therefore , cannot be used t o 
predict power-on stability . 

Longitudinal Stab ility 

Force tests . - The results of force tests made to 
determine the longitudinal stability and control charac 
teristics of the model are shown in figures 7 and 8. On 
these figures , data f r om tests of the mode l of similar 
plan form tested at high Reynolds numbers are also plotted . 

The slope of the pitching- moment curve for the flap 
retracted condition of the free - flight-tunnel model 
changes from negative to positive with increasing lif t 
coefficient. This change in slope indicates a change to 

- - - -- - .- - - - - - ---~ 
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static lone;itudinal instability a t high ang les of attack . 
This change in stability is characteristic of swept-back 
wings because of the tendency of the wing tips to stall 
first . The instability appears to b e much greate r for 
the free - flight - tunnel model than for the similar model 
tested at high Reynolds numbers . This difference is 
probably expla i ned by the fact that the difference in the 
Reynolds numbers at the root and tip sections of this 
design causes a much greater difference in stalling char
acteristics on the small-scale model than on the model 
tested at high Reynolds numbers . 

For the flap - deflected condition (fig . 8), the 
pitching- moment curves for the free-flight-tunnel model 
were very similar in shape to those obtained with flaps 
up but did not turn up at high lift coefficients as much 
as the curves for the flap-retracted condition . The data 
of fi gure 8 indicate that most of the change in shape of 
the pitching - moment curve from flap up to flap down was 
caus ed by the upward deflection of the trim flap . The 
flap-deflecte d pitching- moment curve from high - scale tests 
(fig . 8) indicates practically no chanc e in long itudinal 
stability with increasing angle of attack. 

The difference in the angles of z ero lift indicated 
in fi gures 7 and 8 for the two model s is probably caused 
by the difference in the location of t he chord line from 
which the angle of attack i8 measured . The difference in 
the slopes of the lift curve is pro~ahly a result of the 
difference in the Reynolds numbers of the tests. It is 
unlikely that these differences in li f t characteristics 
would cause appreciable differences in longi tudinal flight 
characteristics . 

Flight tests . - The longitudinal stability as noted 
in the free - flight-tunnel tests was satisfa ctory up to a 
lift coefficient of 0.7 with flaps retracted and 1 . 1 with 
flaps deflected with the normal center-of - gravity location 
(25 percent M. A. C. ). Above these values of lift coeffi 
cient, however , difficulty was experienced in flying the 
model because of a tendency to nose up and stall after 
disturbances in pitch . This behavior was believed to be 
a direct result of the change in long itudinal stability 
at high angles of attack, which was indicated in the 
force-test results by the change in slope of the pitching
moment curve . Although at times the pilot could prevent 
the nosing - up motion by a pp lying down - elevator control , 

c 

------~-
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the nosing-up tendency was considered a very ob jectionable 
characteristic that would probably prove dan8erous for a 
full-scale airplane. This nosin[·: -up tendency should be 
expected on any airplane having pitching - moMent character
istics similar to those of the model . (see fig. 7.) 

The longitudinal stability of the free-flight-tunnel 
model was sat~sfactory at those lift coefficients at which 
the static margin h was 0.04 or greater (CL = 0.7 , 
flaps retrac':~ed; CL == 1.1, flaps deflected) and flights 
were possible at conditions at which the static margin 
was as low as 0.02 . On the basis of the force-test 
results it a ppears that the static longitudinal stability 
of the correspoTIding airplane at hi[t angles of attack 
would be greater than that of the free-fliGht -tunnel model . 
The data of figares 7 and 8 indicate that the airplane 
with the normal center -of - gravity location would have a 
static margin of 0.04 up to a lift coefficient of 1.0 with 
flaps retracted and up to the stall with flaps deflected. 
The stick- fixed longitudinal stability of this particular 
airplane design , therefore, would probably be satisfactory 
for all power -off conditions except at high lift coeffi
cients with flaps retracted. 

Longitudinal Control 

The force -test results presented in figures 7 and 8 
indicate that the longitudinal control provi ded by the 
elevons was sufficient to trim the ~odel over the flight 
range for flap - retracted or-deflected condition with a 
total elevon deflection of about 200 • Inasmuch as the 
force-test results of the model tested at high Reynolds 
numbers indicate much more powerful elevon control than 
was obtained with the model at low Reynolds numbers, it 
is probable that the elevator control ~or the full-scale 
airplane will be satisfactory in flight. 

In the flight tests, the model could be trimmed over 
the speed range with a total elevon deflection of about 20~ 
For the flap-retracted condition, the upper surfaces of 
the split rudders were deflected with the elevons for 
longitudinal trim. Abrupt elevon deflections of 1'5 0 from 
the trim setting provided adequate longitudinal control 
for keeping the model flying for all stable conditions. 

___ ~ . ..J 
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On this design it is possible that the most critical 
condition for elevator control will be at talce-off. 
Unless careful attention is given to the location of the 
landing gear, the elevons alone may not be powerful enough 
to meet the Army requirements for get ting the nose wheel 
off the rround at 80 percent of take-off speed . Use of 
the trim flaps in conjunction with the elevons will help 
provide enough longitudinal control to mee t this 
requirement. 

Lateral Stability 

Force tests.- The lateral stability characteristics 
of the model a s det e rmined by force tests are shown in 
fi;sur es 9 to 11. The values of the ef'fective-dihedral 
parmae ter C1~ and the directional-stability parameter cn~ 

obtained for the different test conditions fr·om the se 
figures are plotted in figure 12 in the form of a stability 
diagram. The values of Cn~ and C1~ for corresponding 

condi tions for the model tested at high Reynolds numbers 
are also presented in figure 12. 

The values of Cn for the flap -re tracted condition 
(3 

at ang les of attack of 0 0 and 60 are relatively low 
(about 0.00030). Tncreasing the angle of attack to 12 0 

with flaps retracted caused an increase in Cn~ to 0.00055. 

This increase in Cn~ with increase in lift coefficient is 

characteristic of a swept-back wing . 

The lower values of Cn ~ shown in figure 12 for the 
model tested at high Reynolds numb ers are attributed to the 
lower drag of this model. For an all-wing tailless design 
with low dihedral, the dl'ag of the wing contribute s a 
major part of the static directional stabiiity. 

The values of CL
B 

shown for the free-flight model 

in fi gure 12 correspond to an effective dihedral angle 
between 2 0 and 40 • The value of C1 increased with up 
incre asing lift coefficient as expected for the swept
back wing . The higher values of C1 for the model up 
tested at large Reynolds numbers is caused by the fact 

----- - - - - - --- - -
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that this mode~ :h~ k~ ~~ o~~t~i c. ~ ih~drJi~h~eas the 
free-fli ght-tunnel model had 00 e;sometric dihedral. 

Fligh t tests .- The latera] stability characteristics 
of the l'11 odel note-d in flight were fairly satisfactory 
except for low directional stability in the flap-retracted 
condition . This low directional stability 1JJas shown 
principally by slow lightly damped ya-1Ning oscillations 
that \"iere started by gust or control disturbances. The 
directional stability was not dange rously low , however, 
inasT!1Uch as neither divergences nor unstable oscillations 
were noted, The adverse yawing noted in flights in which 
aileron control alone was used was quite small because 
the elevons were deflected upward torether for longitu
diYlal trim and therefore operated as "triimned - uptt ailerons, 
whicb usually produce only small yawing moments. 

Deflection of the flaps or addition of the vertical 
tails caused noticeable improvement in the damping of the 
yawing motion of the model , and tbe lateral stability 
characteristics at these conditions were considered 
generally satisfactory. 

The effective dihedral of the model appeared to be 
satisI~actory , inasmuch as no exceseive rolling during 
sideslip was noted and the lightly damped yawing oscil 
lations wers accompanied by very little rollinG . Previous 
frae-flicht-tunnel investigations have shown that,for an 
air)lane with low directional stability, low effective 
dihedral is necessary to avoid a )oorly damped rolling 
(Dutch roll) oscillation . 

It is probable that the lateral stability character
istics of a full - scale airplane of the design tested 
would not be so good as those of the free - flight model 
because the values of Cn~ of a full - scale airplane will 

probably be lower than those for the free - flight model. 
At the hieher lift coefficients, which could not be reached 
in the free - flight - tunnel tests becal~e of longi tudinal 
instnbili ty , the requirements of the airplane would be more 
severe for directional stability and the airplane would 
pro'I:Jably be considere d unsatisfa ctory in this respect . In 
order to secure satisfactory flyinC characteristics with a 
tailless all - wing airpla~e of this type , it appears 
desirable to maintain a low value of effective dihedral and 
to supplement the directional stability of the wing by 
means of vertical tails or an automatic stabjlizing device . 

"-----~---~~---~~---- - - -~-
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Aileron control.- The aileron cOl:.trol provided by 
the elev'ons ap'Dcar c d to be weak in '~he flight tests . 
Abrupt elevon deflections of ±15° did not provide satis
factory aileron control in flight. Previoue free-flight 
tunnel tests have shown that, if aileron deflections 
greater than *15 0 are required for satisfactory control 
on a r.lOdG 1, the ailer ons on the c orre sponding airplane 
are likely to be weak . 

A better quantitative indication of the weakness of 
the aileron control was obtained in the force tests, the 
results of which are presented in figures 13 and 14 and 
which are summa.rized and compared in figure 15 with 
results of tests at high Reynolds numbers. co~puted 
values of the helix angle pb/2V produced at different 
lift coefficients by va~ious elevon deflections are shown 
in figure 15 . The values of pb/2V were obtained by 
multiplying the force - test values of rOlllng-moment coef 
ficient by 0 . 8/C1 p . (see reference 3. ) The high 

Reynolds number data of figure 15 indicate that the 
flying-qualities requirement for a mini~um value of 0 . 07 
for pb/2V is not met by this design at lift coefficients 
above about 0.4 with ±15° elevon deflection . The free
flight - tunnel force tests indicate even weaker aileron 
control out this result is partly attributed to the low 
Reynolds number of the tests , to the wing section used , 
and to the initial reflex of the trailing edge of the 
wing . The free - fli[r.ht - tunnel test results do indicate, 
however , that linking the rudder surfaces to move as 
ailerons with the elevons provides a substantial improve 
ment in aileron control . 

In order to obtain satisfactory aileron control with 
elevon surfaces located well inboard of the tip as on this 
design , larger - chord surfaces than those on the free 
flight - tunnel model should be used or the rudder surfaces 
should be linked with the elevons in order to provide 
greater effective elevon area. 

Rudder control .- The split rudders on the model 
provided suffic ient yawing moments to balance out t he 
adverse yawing moments encountered in the flight tests 
during aileron rol l s . Inasmuch as the yawing moments 
caused by aileron deflection were small (fig . 14 ) because 
of the initial upward deflection of the elevons for 

--.-~~-
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longitudinal trim ; · th ~· f~fider yaw nc moments only had to 
o:;mose the adver se yawing moments caused by rolling . The 
adverse yawing moments caused by rolling were apparently 
small for the model, as indicated by the small amount of 
adverse yawing in flights with rudders fixed and elevons 
alone used for control . These results indicate that the 
rudder control of this all-wing airp lane should be adequate 
during normal fli gh t. 

Usually the mos t severe r equirement for rudder con
trol of mu ltieng ine airplanes is that the rudder control 
balance the asymmetric yawing moments introduced by the 
fa ilure of one engine during a full - power clinill. Calcu
lations based on t he force-test data pr esented in figure 16 
indic ate that, with rudders of the size and type used on 
thi s design, an airplane of this t ype having a 150-foot 
spa n and two 3000- horsepower engines would meet the Army 
requirements for mainta ining steady flight with 100 or less 
sides lip at 120 p ercent of the stalling speed with one 
engine inoperative and the other eng ine operating at full 
power . 

CONCLUSIONS 

The following conclusions concerning the power-off 
stabili ty and control characte ristics of large all-wing 
tail18ss airplanes with swee pback were drawn from the 
Langley f r ee -flight-tunnel t e st r esults and from a corre
lation of these results with results obtained from force 
te sts made at high Reynolds numbers: 

1 . ~tick - fixed long itudinal instability a t high lift 
coe fficients,or at least a serious reduction in long itu
dinal st ability,should be expected for airplanes of this 
type unless the premature stal ling of the wing tips is 
eliminated. The upward deflection of a trim flap at the 
wing tip will reduce the tendency of the tips to stall 
first and will thereby improve t he longitudinal stability 
at high lift coefficients. 

2. The directional stability of this type of airplane 
without vertical tail surfaces will be extremely low. 
Although the airplane will be fl yab le , it will probably 
not be considered entirely satisfa tory because of the 
tendency to sideslip to large angles following slight gust 
or control disturbances. 
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•• •• ••• • ••• •• • • .. .... .. .. ....: . '" 3. TI1e effective dihe ral of an a irn l cne of this 

type sholld be kept low in order to minimize the amount 
of rolling accompanying the lightly damped yaw.ing oscil 
l ations that are J.ikel~! to be encountered . 

4. An elevon and rudder control system similar to 
that used on the model in these tests should provide 
sufficient longitudinal and lateral control for an 
air~lane of this tJ~e. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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TABLE I 

FORCE-TEST CONDITIONS FOR TAILLESS ALL-WING AIRPLANE MODEL 

IN THE LANGLEY FREE-FLIGHT TUNNEL 

Test a W Configu- oe Crt or 
ration r Figure 

(deg) (deg) (a) (deg) deg) (deg) 

1 -4 to 20 0 WHP 0 0 0 7 

2 -4 to 20 0 WHPF 0 0 0 8 

3 -4 to 16 0 WHP -10 -10 -10 7 

4 -4 to 16 0 WHPF 0 -40 -40 8 

5 -4 to 16 0 WHPF -10 -40 -40 8 

6 0 -30 to 30 WHP 0 0 0 9 

7 6 -30 to 30 WHP -10 0 0 9 
8 12 -30 to 30 WHP -2 0 0 0 9 

9 8 -30 to 30 WHPF -10 -40 -40 10 

10 6 -30 to 30 WHPV -10 0 0 11 

11 6 -30 to 30 W -10 0 0 11 

12 0 to 12 0 WRP -10 0 0 13 
(Right only 

13 0 to 12 0 WHP 10 0 0 13 (Right only 

14 0 to 12 0 WHP -20 0 0 13 (Right only 

15 0 to 12 0 WHP 
20 0 0 13 (Right only. 

16 o to 12 0 WHP 0 0 10 14 
17 o to 12 0 WHP 0 0 -10 14 
18 0 to 12 0 WHP 0 0 -20 14 
19 0 to 12 0 WHP 0 0 20 14-
20 0 to 12 0 WHP 0 0 %20 16 

21 0 to 12 0 WHP 0 0 t40 16 

22 o to 12 0 WHP 0 0 %60 16 

aExplanstion of configurations is g iven in sect i on on 
"Apparatus. " 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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FLI0HT-TEST CONDITIONS OF TAILLESS ALL-WING AIRPLANE 

~ . ODEL IN LANGLEY FR.~E -FLIGHT TUNNEL 

Lift coefficient COnfi~uration 
a) 

center-of-gravity location 
(percent M. P- .C.) 

0.3 to 0.8 WH P 0.25 

.6 WHPV .25 

. 6 WHPV .22 

· 5 WH PV .20 

. 6 to 1.1 WH PVF . 25 

.6 to 1.1 WHPF .25 

.7 WR PVF .22 

.7 VvH PVF .20 

aExplanation of configurations given in section on 
tlApparatu8. 11 
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Figure 2.-n/vWlI79 01' a /'a;IIe55 alrplalle model tested In tl'le Lanqley rree- fl1911t tunnel. 
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Figure 3.- Plan view of tailless all-wing model tested in Langley 
free-flight tunnel. 
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Figure 4.- Three-quarter front view of tailless all-wing model tested in 
Langley free-flight tunnel. Auxiliary vertical tails mounted on nacelles. 
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Figure 5.- Split-rudder arrangement used on tailless model tested in Langley 
free-flight tunnel. 
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~ Right aileeon conteol Right u~pee euddee sueface 
adds to elevon area Left lower rudder surface 

adds to elevon area 
(longitudinal teim flaps 

Right aileron and r udder control 
(longitudinal trim flaps 0°) 

If rudder deflection is greater 
than elevon deflection, deflected 
rudder surfaces ar~ not moved by 
elevons 

Righ t aileron control 
Ilongitudinal trim flaps _40°) Upper rudder surfaces deflect 

with elevons only for elevan 
deflections greater than -40° 

~ 
Initial defleCtion-~j 
ror trim, -4 0° 0° +Sr 

Right aileron and rudder cont rol 
(longitudinal trim flaps -40°) 

For rudder deflection, upper 
rudder surface deflects from 
-40 0 trim flap position 

When elevons are used as elevators, 
the upper rudder suefaces deflect 
with the elevons NATIONAL ADVISORY 

COMMI1l [[ FOR AE.RONAUlICS 

Figure 6.- Elevon and rudder arrangement used to obtain additional aileron effectiveness. 
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Fig. 14 

r/9l..tre 14. - Roiling onci yawln9 moments proau.cect. 
bV deflechng as elevens IIIe ~;f ruaders on 
Ihe -Lar,q/ey T'ree-/ltght-/unne/ mcOel or CL IQJ//e:xs oJ/
WIng QJrpJane with sweepbD.Ck. 
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figure /6.- YaWII'1!j I"hOfflll7r.$ pYOduC'~d 
by I'lghf' .5pllr"rlldo'e r de flee. fy(jl"l on 
t-he Langley rl"~ ·-rllghf-tuh1'1el h.1od~1 
of Q. fallle$$ all-wll"Ig Qlr/,/II~' wrl"'h 
swtl~pDack . 
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