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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

FREE-FLIGHT-TUNNEL INVESTIGATION OF THE LOW-SPEED 

STABILITY AND CONTROL CHARACTERISTICS OF A 

MODEL HAVING A FUSELAGE OF RELATIVELY 

FLAT CROSS SECTION 

By John W. Paulson and Joseph L. Johnson, Jr. 

SUMMARY 

Since models having fuselages of relatively flat cross sect i on have 
been found to possess unusual static stability characteristics, an experi
mental investigation has been made in the ~ngley free-flight tunnel to 
determine the low-speed stability and control characteristics of a model 
of this type. In flight, the model exhibited an erratic behavior in 
pitch and yaw, apparently because of random trim changes associated with 
the flow from the forward portion of the flat fuselage. The model had 
an unusually high maximum l ift coeffic i ent because of its flat - fuselage 
design, but the maximum lift coefficient that could be obtained in flight 
tests was limited because of low dynamic lateral stability and low static 
longitudinal stability at moderate and h igh l ift coefficients. Since the 
particular configuration tested was not an optimum flat-fuselage design, 
however, these unsatisfactory characteristics were not considered to be 
necessarily indicative of the results that would be obtained with other 
flat-fuselage arrangements. 

INTRODUCTION 

Some recently proposed airplane designs have incorporated fuselages 
of relatively flat cross section with the major ax i s horizontal. A study 
made to determine the stat i c stability characteristics of some flat
fuselage models (ref. 1) indicated that the'se models exhibit static 
lateral stability characteristics that are generall y similar to those of 
a canard model (ref . 2); that is, at low angles of attack with vertical 
tails off, flat-fuselage models were directionally unstable, but at high 
angles of attack, the sidewash from the nose of the models caused an 
effec tive reversal in the direction of sideslip of the fuselage which 
resulted in the model being directionally stable. At high angles of 
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attack, however, this sidewash also caused a reduction in the direc
tional stability contributed by a vertical tail located at the rear of 
the fuselage. Free-oscillation tests (ref. 3) showed that, for the 
vertical-tail-off condition, the damping in yaw decreased and in some 
cases became negative when the static directional stability increased 
with increasing angle of attack. On the other hand, at high angles of 
attack, the vertical tail which decreased the static directional sta
bility provided a large increase in the damping in yaw. 

Because of the unusual nature of these lateral stability character
istiCS, an investigation was undertaken to flight-test a flat-fuselage 
model in the Langley free-flight tunnel in order to determine the effect 
of these characteristics on dynamic lateral stability and general flying 
qualities. The model in the basic condition had vertical tip tails 
installed since results of a previous investigation (ref. 3) had shown 
that this configuration produced satisfactory static stability character
istics . Flight tests were made with the model in the basic condition 
and also with a center vertical tail in combination with the tip tails. 
The various vertical-tail arrangements were studied with the leading
edge flaps both retracted and extended. 

SYMBOLS 

All forces and moments are referred to the stability axes orlgl
nating at a center-of-gravity position of 0.025 mean aerodynamic chord 
ahead of the leading edge of the mean aerodynamic chord. A sketch 
showing the positive direction of the forces and moments is presented 
i n figure 1. 

The symbols and coefficients are defined as follows: 

lift coefficient, Lift/qS 

drag coefficient, Drag/qS 

pitching-moment coefficient, M/qSc 

Cy lateral-force coeffiCient, Y/qS 

rolling-moment coefficient, L/qSb 

yawing-moment coefficient, N/qSb 

L rolling moment, about X-axis 
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M 

N 

Y 

q 

s 

b 

c 

c 

p 

v 

rb/2V 

r 

IX 

pitching moment, about Y-axis 

yawing moment, about Z-axis 

lateral force, lb 

dynamic pressure, ~V2, lb/sq ft 

wing area, sq ft 

wing span, ft 

wing chord, ft 

mean aerodynamic chord, 
_21b

/
2 

S 0 
c2 dy, ft 

mass density of air, slugs/cu ft 

airspeed, ft/sec 

angle of sideslip, deg 

sid~slipping velocity, radians/sec 

glide-path angle, deg 

rudder deflection, deg 

aileron deflection perpendicular to hinge line (elevons 
deflected differentially for aileron control), deg 

elevator deflection perpendicular to hinge line (elevons 
deflected together for elevator control), deg 

angle of yaw, deg 

angle of bank, deg 

angle of attack, deg 

yawing-angular-velocity parameter, radians 

yawing angular velocity, radians/sec 

rolling moment of inertia, slug-ft2 
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pitching moment of inertia, slug-ftZ 

yawin~ moment of i nertia, slug-ftZ 

APPARATUS AND MODEL 

NACA RM L52L22 

The investiga tion was made in t~e Langley free-flight tunnel which 
is designed to test fr ee-flying dynamic models. A complete description 
of the tunnel and its operation is given in reference 4. 

A three -view drawing of the model is presented in figure 2 and a 
photograph of the model with f laps retracted and tip tails on is pre
sented in figure 3. Dimensional and mass characteristics of the model 
are given in table I. 

The model was equipped with wing-tip tails in the ba~ic condition. 
For some tests a center vertical tail was also installed at the rear of 
the fuselage. (See fig. 2.) Surfaces located at the trailing edge of 
the wing were deflected together to give elevator control or differ
entially to provide aileron control. Only the tip tails had rudder 
surfaces and they were deflected with the ailerons to give coordinated 
control. During a part of the investigation the rudder area was 
increased by about 33 percent by the addition of liZ-inch bal~a exten
sions to the trailing edge of the rudders. A leading-edge flap located 
on the outboard half of the wing (fig. 2) was used in some tests. 
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DETERMINATION OF THE STATIC STABILITY AND CONTROL AND DAMPING-IN-YAW 

CHARACTERISTICS OF THE FLIGHT-TEST MODEL 

Force tests were made to determine the static longitudinal and 
lateral stability and control characteristics of the model over an 
angle-of-attack range from 00 to 400 with leading-edge flap retracted 
and extended and with tip tails on. The lateral characteristics were 
also determined with all tails off, with only the center tail on, and 
with the center vertical ,tail in combination with the tip tails. The 
lateral characteristics were determined from measurements of force and 
moment coefficients over the angle-of-attack range at ±So sideslip and 
over a sideslip range of ±200 at angles of attack of 00 , 160 , 240 , 280 , 

and 3Zo • Most of the tests were made with the elevons deflected -150 

or -ZOo which corresponded to those deflections required for trim in 
most of the flight tests. All force tests were made at a dynamic pres
sure of 3.0 pounds per square foot which corresponds to an airspeed of 
approximate~ 50 feet per second at standard sea-level conditions and 
to a test Reynolds number of about 4.4 x 105 based on the mean aero
dynamic chord of 1.383 feet. 

Free-oscillation tests to determine the damping-in-yaw character
istics were made over an angle-of-attack range from 00 to 320 with flaps 
retracted and extended and with tip tails off fuid on. Tests were also 
made at an angle of attack of 320 with on~ the center tail on. .The 
tests were made at a dynamic pressure of 1.2 pounds per square foot which 
corresponds to an airspeed of approximately 31 feet per second and a test 
Reynolds number of 2.75 x 105 based on the mean aerodynamic chord. 

Longitudinal Stability and Control Characteristics 

The data presented in figure 4 show the effect of elevator deflec
tion on the longitudinal stability and control characteristics of the 
model with flaps retracted. The data show that in general the stability 
was satisfactory from 00 to 160 and from 240 to near the stall. For all 
elevator settings the model had less stability in the angle-of-attack 
range from 160 to 240 and became unstable at the stall. The data also 
show that the elevator effectiveness decreases considerably at moderate 
lift coeffic ients as the deflection i s increased from _200 to -300 . 

These data show that, although the maximum lift of the model as 
measured in force tests is fairly high, it would be impossible to 
realize these values in the model flight tests because of the low sta
bility at moderate angles of attack. The maximum trimmed lift coeffi
cient that could be attained with the center-of-gravity position for 
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which the data of figure 4 are presented (0.025c ahead of the mean aero
dynamic chord) is about 0.5 (obtained with an elevon deflection of -300 ). 

The maximum trimmed lift coefficient could be increased to 0.7 or 0.8 by 
moving the center of gravity slightly rearward from the position for 
which these data are presented and by using elevator deflections of 
about -100 or _200 • 

A comparison is made in figure 5 of the longitudinal characteristics 
of the present model and those of the model of reference 5 which has a 
wing identical to that of the present model but which has a circular
cross-section fuselage with a maximum diameter of about 6 inches. The 
data show that the maximum lift coefficient of the flat-fuselage model 
is about 0.55 greater than that of the circular-fuselage model. It 
would appear from the data of reference 1 that only a portion of this 
increase in lift coefficient may be attributed to the greater lift of 
the flat fuselage compared with that of the circular fuselage; there
fore, the remainder of the lift must result from the effect of the fuse
lage on the flow over the wing. The flow surveys of figure 6 indicate 
that the flat fuselage continues to produce lift even at angles of attack 
above that at which the wing begins to stall. These surveys show that 
the outboard portion of the wing is stalled at an angle of attack of 160 

whereas the flow over the fuselage is, for the most part, unstalled up 
to an angle of attack of at least 320. 

The data. of figure 5 also show that the two models had about the 
same static longitudinal stability characteristics at low lift coeffi
cients. At high lift coeffiCients, however, the circular-fuselage model 
became more stable whereas the flat-fuselage model became less stable 
and eventually became unstable at the stall. The increased lift of the 
flat fuselage, particularly at high angles of attack, would tend to pro
duce a nose-up pit~hing moment and reduce the static stability of the 
model. (See ref. 1.) 

The data of figure 7 show the effect of the leading-edge flap on the 
longitudinal characteristics of the model with _200 elevator deflection. 
As can be seen, the flap had relatively little effect on the maximum 
lift coefficient, but it did reduce the drag by cleaning up the flow at 
the wing tip. Extending the flap had little effect on the longitudinal 
stability. 

Lateral Stability and Control Characteristics 

The data of figure 8 show the effect of vertical-tail arrangement 
on the lateral stability characteristics of the model at various angles 
of attack. Summarized in figure 9 are the yawing-moment data of figure 8 
in terms of the directional stability parameter Cn~ as measured at 
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low (~ < tsO) and high (~ > ±SO) angles of sideslip for each tail con
figuration. These data show that, up to 160 angle of attack, there is 
little difference in the values o~ Cn~ measured at low or high angles 

of sideslip. At 240 angle of attack, however, the values of Cn~ 

measured at low angles of sideslip are generally higher than those 
measured at high sideslip angles. Above this angle of attack, Cn~, 

measured at low sideslip angles, decreases sharply and generally becomes 
less than that measured at high sideslip angles. With all tails off or 
center tail on, Cn~ becomes greatly negative at 320 angle of attack. 

Adding tip or center vertical tails generally increased the direc
tional stability of the model with the center tail being more effective 
than the tip tails over the low and moderate lift coefficient range. In 
the high angle-of-attack range, however, the effectiveness of the center 
tail decreased so that the directional stability of the model with either 
center tail alone or center plus tip tails became less than that of the 
model with only tip tails. The angle of attack at which the effective
ness of the center tail decreased varied with sideslip angle, but the 
results were generally similar for both low and high angles of sideslip. 

The data of figure 10 show that extending the leading-edge flap 
had relatively little effect on the directional stability Cn~ at low 

and moderate angles of attack but increased Cn~ appreciably in the 

high angle-of-attack range. The flap also increased the effective 
dihedral -CZ~ at moderate and high angles of attack. 

The variation of aileron and rudder effectiveness with angle of 
attack is presented in figure 11. The rolling moment produced by aileron 
deflections of t200 from a neutral setting of -150 decreases by about 
40 percent as the angle of attack is increased from low to moderate values. 
Further increases in the angle of attack resulted in the rolling effec
tiveness increasing slightly. The yawing moment produced by the ailerons 
is adverse over the entire angle-of-attack range and becomes more adverse 
as the angle of attack increases. The yawing moment produced by a rudder 
deflection of 100 decreases very rapidly with increasing angle of attack 
and reaches a minimum at about 160 angle of attack. Up to 80 angle of 
attack, the yawing moment produced by the rudder is suffiCiently large 
to balance the adverse yawing moment produced by ±200 deflection of the 
ailerons. Increasing the rudder area by 33 percent increased the rudder 
effectiveness by about 20 to 40 percent . 

Damping- in-Yaw Characteristics 

The data of figure 12 are the damping- in-yaw characteristics of the 
model as presented in reference 3. The damping characteristics with all 
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tails off were generally the same with flaps both retracted and extended 
except at high angles of attack where the increase in drag associated 
with wing-tip stall caused a large increase in the damping of the model 
with flaps retracted. With tip tails on, the damping was slightly 
greater with flaps extended except at high angles of attack where the 
damping became negative. The addition of a center vertical tail pro
duced a large positive increment of damping at high angles of attack. 

FLIGHT TESTS 

Flight tests were made to determine the flying characteristics of 
the model over a lift-coefficient range from 0.35 to 0.80. Control was 
obtained by simultaneous deflection of the ailerons and rudder. The 
aileron deflections varied from t12° to ±300 with the largest deflec
tions being used at the highest lift co-effic ients . An effort was made 
to trim out the adverse yawing moment produced by the ailerons whenever 
possible by using rudder deflections up to a maximum of 100 and in some 
cases increasing the rudder area by 33 percent. The behavior of the 
model during flights in which the ailerons alone were used for lateral 
control was also studied. Flights were made with tip tails and with 
both tip and center tails for the flap-retracted and flap-extended con
ditions. Most of the flights were made with the center of gravity loca
ted at 0.025 mean aerodynamic chord ahead of the leading edge of the 
mean aerodynamic chord. A few flights were also made with the center 
of gravity moved forward 0.05 mean aerodynamic chord. Motion pictures 
of the tests were taken to supplement the pilot's observation of the 
over -all behavior of the model. 

RESULTS AND DISCUSSION 

In this investigation it was possible to study the dynamic sta
bility and control characteristics of the model over a lift-coefficient 
range from only 0.35 to 0.80 because of various limiting factors. The 
minimum lift coefficient was, of course, determined by the maximum tunnel 
velocity and wing loading of the model. The maximum trimmed lift coeffi
cient obtained in the flight tests was very low compared to the maximum 
lift coefficient measured in force tests because of the limitations 
imposed on the maximum trimmed lift coefficient by the static longi
tudinal stability characteristics as pointed out in the discussion of 
force-test results. 
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Longitudinal Stability and Control Characteristics 

The dynamic longitudinal stability and control characteristics of 
the model with leading-edge flaps both retracted and extended were gen
erally satisfactory at the lower lift coefficients tested. The model 
flew smoothly and the response to elevator deflection appeared to be 
satisfactory. As the lift coefficient increased, however, the behavior 
of the model became somewhat erratic and the model was more difficult 
to control. At the highest lift coefficients at which flights were 
attempted (about 0.8 lift coefficient and 200 angle of attack), the 
model exhibited a nosing-up tendency. This result is explained by the 
data of figure 4 which show that, at lift coefficients around 0.8, the 
model has very low stat i c stability or instability, depending upon the 
elevator deflection. The low static stability caused longitudinal 
unsteadiness because of the increased response of the model to control 
or gust disturbances. Flights made with the center of gravity moved 
forward about 0.05c to increase the static stability showed some improve
ment in the longitudinal characteristics. For these conditions, however, 
the maximum trimmed lift coeffic i ent obtai nab l e was r educed. The l ift
coefficient range that could be studied in the present investigation 
was, therefore, seriously limited because of the inabi lity to attain a 
longitudinally stable condition in the higher angle-of-attack range. 

In addit~on to the unsteadiness resulting from low static longi
tudinal stability, some of the erratic behavior in pitch was apparently 
caused by raniom changes in trim. These random trim changes were probably 
caused by irregular fluctuations in the vortex flow produced by the for
ward portion of the fuselage. The flow behind the nose of a flat-fuselage 
model is believed to be similar to the flow behind a canard surface. The 
results of reference 6, which show the flow field behind a canard surface, 
will, therefore, serve to illustrate the changes in flow that are probably 
responsible for the random trim changes. These results show rather large 
variations in the asymmetrical disposition of the vortices as a result 
of relatively small changes in sideslip and angle of attack. Because of 
the constantly changing attitude of the model resulting from the unsteadi
ness associated with the low static longitudinal stability (and the low 
dynamic lateral stability, which will be discussed later), the fluctua
tions in the flow over the wing are probably rather large and add further 
to the over-all erratic behavior of the model. 

Another factor which influenced the longitudinal behavior of the 
model and contributed to the pilot's poor opinion of the over-all flight 
characteristics at the higher lift coefficients was the large variation 
of drag with lift, which is generally a characteristic of low-aspect
ratio swept wings (ref. 7). This large variation of drag with lift 
caused large variations of glide angle with lift coefficient since the 
trim glide angle is a function of the drag-lift ratio (fig. 13). 
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The over-all longitudinal flight characteristics were considered to 
be generally unsatisfactory for most of the conditions tested. Although 
it was impossible to cover the entire lift range, an ana~sis of the 
force tests indicates that the model would have a rather severe nosing
up tendency near the stall (fig. 4) and that the difficulty associated 
with the random trim changes and with the large variation of drag with 
lift would become even more troublesome at lift coefficients above those 
attained in the flight tests. 

Lateral Stability and Control Characteristics 

The lateral stability and control characteristics of the model were 
fairly satisfactory at low lift coeffic i ents (CL '~ 0.35) but were defi
nitely unsatisfactory at the highest lift coefficients flown (CL ~ 0.80) 
regardless of flap or vertical-tail configuration because of low oscil
latory stability and poor aileron control characteristics. Extending 
the flap caused the oscillatory stability and over-all flying character
istics to be slightly worse than those with flaps retracted. Because 
of the similarity of results obtained with flaps retracted or extended, 
no attempt has been made in the following di scussion to distinguish 
between the flap retracted or extended configurations. 

Effect of vertical-tail cOnfiguration.- The lateral oscillation was 
fairly well damped at low lift coefficients with the tip tails on, but 
the damping of the lateral oscillation decreased as the lift coefficient 
increased, until at the highest lift coefficients tested, the model 
appeared to have approximately neutral oscillatory stability. It was 
difficult to obtain smooth flights at high lift coefficients because of 
this l ow oscillatory stability. Also contributing to the poor flight 
characteristics were the fluctuations in the vortex flow previously dis
cussed. The large changes in vortex disposition with angle of sideslip 
which resulted in changes in damping in yaw and static lateral stability 
also appeared to cause random trim changes in yaw. At times the model 
would yaw and stay trimmed at some angle of sideslip for a short time 
and then perhaps change its angle of sideslip or slide into the tunnel 
wall. At other times the behavior of the model following a disturbance 
was characterized by large-amplitude rolling and yawing motions which 
made it necessary for the pilot to continually control the model in an 
effort to maintain flight. If the pilot did not effect recovery during 
the first two or three OSCillations, the model usually sideslipped across 
the tunnel and crashed into the wall. 

With the addition of the center vertical tail it appeared that the 
damping of the lateral oscillation was increased but the oscillatory 
stability was still unsatisfactory at the higher lift coefficients. At 
low lift coefficients with the center vertical tail, it appeared to the 
pilot that the model had increased damping in roll. In this case the 
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increase in oscillatory stability brought about by increased directional 
stability (fig. 9) and increased damping in yaw (fig. 12) probably gave 
the impression that the damping in roll was increased. 

It was not possible to evaluate the effect of the decrease in direc
tional stability produced by the center tail at high angles of attack 
because, as pointed out previously, the longitudinal stability and trim 
difficulties prevented flight tests from being made at high angles of 
attack. 

Effect of aileron and rudder deflections.- It was found in the tests 
that aileron deflections of the order of £150 gave about the best over-
all flight characteristics at the lower lift coefficients where coordinated 
aileron and rudder control was possible. This amount of control resulted 
in reasonably smooth flights and appeared to be sUfficient to effect 
recovery after fairly large disturbances. At higher lift coeffiCients, 
however, larger control deflections were required with both tail con
figurations because of the decrease in aileron effectiveness and oscil
latory stability. These large control defle~tions, which were needed 
to effect recoveries from the large angles of roll and yaw which the 
model reached after disturbances, also contributed to the erratic behavior 
of the model at times by causing the pilot to over-control when attempting 
to steady the model. One reason for the increased difficulty in flying 
the model with the large aileron deflections was the fact that the rud
ders were incapable of trimming out the adverse yawing moment produced 
by large aileron deflections because of the decrease in rudder effective
ness at high angles of attack (fig. ll(b)). This reduction in rudder 
effectiveness was evidenced in flight tests by increased yawing motions 
with increasing angle of attack. 

When ailerons alone were used at the lowest lift coefficients flown 
(where the adverse yawing moments produced by the ailerons were at a 
minimum), reasonably good flight behavior was obtained although slight 
yawing motions were produced by the ailerons. As the lift coefficient 
increased, it became increasingly difficult to maintain flight, until, 
at the highest lift coeffiCients, the disturbing effect of the aileron 
yawing moments was so great that flight was impossible. 

CONCLUDING REMARKS 

An experimental investigation in the Langley free-flight tunnel to 
determine the dynamic stability and control characteristics of a model 
having a relatively flat fuselage with the major axis horizontal showed 
that, in flight, the model had an erratic behavior in pitch and yaw, 
apparently because of random trim changes assoc i ated with the flow from 
the forward portion of the flat fuselage. The model had an unusually 
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high maximum lift coefficient because of its flat-fuselage design, but 
the maximum lift coefficient that could be obtained in flight tests was 
limited because of low dynamic lateral stability and low static longi
tudinal stability at moderate and high lift coefficients. Since the 
particular configuration tested was not an optimum flat-fuselage deSign, 
however, these unsatisfactory characterist ics were not considered to be 
necessari~ indicative of the results that would be obtained with other 
flat-fuselage arrangements. 

Langley Aeronautical Laboratory, 
National Advi.sory Connnittee for Aeronautics, 

Langley Field, Va. 
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TABLE I. - DIMENSIONAL AND MASS CHARACTERISTICS OF MODEL 

Weight, Ib ........ . 

Wing loading, Ib/sq ft, W/S 

Mass density factor, ~ ... 

Moments of inertia: 
IX, slug-ft2 . 
Iy, slug-ft2 • 

IZ, slug-ft2 

Wing: 
Airfoil section . . • . . • . . 
Area, sq ft 
Span, ft .. 
Sweepback of leading edge, deg 
Aspect ratio 
Incidence, deg 
Dihedral, deg 
Root chord, ft 
Taper ratio 
Mean aerodynamic chord, ft . . . . 
Aileron area, sq ft (two ailerons) 

Tip tails: 
Airfoil section . . . . 
Area, sq ft (two tails) . 
Span, ft .... 
Sweepback of leading edge, deg . 
Root chord, ft 
Taper ratio . . . . 
Aspect ratio . . . . 
Rudder area, percent tail area 
Tail length, ft (center of gravity 

tip-tail root chord) . . . . . . 

Center tail: 

to leading edge of 

Airfoil section . . . . . . . . . . . 
Area, sq ft (measured above fuselage) 
Span, ft (measured above fuselage) 
Root chord, ft 
Taper ratio . . . . 
Aspect rat io . . . . . . . . 
Tail length, ft (center of gravity to leading edge of 

center-tail root chord) •... . . . • . 
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14.25 

2.67 

8.75 

0.27 
0.84 
1.10 

NACA 0012 
5·33 
4.0 

45 
3·0 

o 
o 

1.77 
0.5 

1.383 
0.84 

NACA 0009 
. . 0.533 

0.63 
45 

0.562 
0.50 
1.49 

• 30.00 

1.46 

NACA 0009 
0.272 
0·73 

0.495 
0.505 
1.96 

1.46 
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x ~--~----------~~~~~----------

WIND DIRECTION 

Z 

x 

AZIMUTH 

y 

z 

Figure 1. - The stability system of axes. Arrows indicate positive directions 
of moments) forces) and angles. This system of axes is defined as an 
orthogonal system having the origin at the center of gravity and in 
which the Z- axis is in the plane of symmetry and perpendicular to the 
relative wind) the X-axi s is in the plane of symmetry and perpendicular 
to the Z- axis) and the Y- axis is perpendicular to the plane of symmetry. 
At a cons tant angle of attack) these axes are fixed in the airplane. 

CONFIDENTIAL 



NACA RM L52L22 

Note: Fuse/age cross sectIon 
ellIptical 
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Figure 2. - Three-view drawing of model tested in the Langley free-flight 
tunnel. All dimensions are in inches. 
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. Figure 3.- Model tested in the Langley free-flight tunnel. 
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Figure 6.- Flow surveys of model. Flap retracted; tip tails off; 
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