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TECENICAL NOTE NO. 1287

FLIGHT TESTS OF AN AIRPLANE MODEL WITH A 42° SWEPT-BACK
WING IN THE LANGLEY FREE-FLIGET TUNNEL

By Bernard Meaggin and Charles V. Bennett

SUMMARY

Powor=-off flight tests have been conducted in the Lengley free-
flight tunnel to determine the dynemic stability characteristics of
an airplane model with a 420 swept-back wing of aspect ratio 5.9 and
taper ratio 0.5. The static-stability and wing-stall characteristics
of the model were =l1so determined.

The results of the investigation showed that although the wing
alone was staticelly unsteble longitudinally at moderate and high 1ift
coefficients, the complete model was statically stable over the 1lift
range for some horizontal-tail positions. The degrec of stability,
however, was critically dependent on tail position. 0Lie dynamic
longitudinal stability ncted in the flight tests was satisfactory
except over z lift-coefficient range from 0.55 to 0.80 in which extreme
difficulty was experienced in establishing the correct trim sirspeed
and flight-path angle. This difficulty, which has not been previously
experienced in free-flight-tunnel investigations, was apparently
associated with a change in air flow over the wing that caused abrupt
changes in the variation of wing pitching moment and model flight-path
angle with 1lift coefficient. The dynamic longitudinal behavior was
erratic in this range of 1lift coefficient although the static longi-
tudinal stability from force tests of the complete model appeared
to be satisfactory. This particular phencmenon requires further
investigation.

The lateral oscillation was predominently a rolling motion, the
damping of which was satisfactorily predicted by the lateral-stebility
theory that included product=-cf-inertia terms. When the product-of -
inertia terms were neglected, the theory indicated instability for
larger values of directional stability than observed in the flight
tests.

The lateral control of the model was satisfactory at low 1lift
coefficients. At high 1ift coefficients the lateral control was
noticeably weaker but no great difficulty was encountered in maintaining
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control up to the stall. At the stall the model dropped without
pitching or rolling off. The absence of rolling at the stall is
attributed to the fact that the swept wing maintains scme damping
in roll at the stall in contrast to unswept wings which usually
autorotate at the stall.

INTRODUCTION

A study is being made in the Langley free-flight tunnel of the
low-speed stability and control characteristics of airplane designs
having large smounts of sweepback. As a part of this study an
investigation hes been made on a model with a u2° swept-back wing of
aspect ratio 5.9 and taper ratio 0.5. This investigation included

power -off flight tests, force tests, tuft surveys, end demping-in-roll

tests of the model. The results of the damping-in-roll tests were
presented in reference 1 and all other results are presented herein.

The force tests were made with tails off and with various sizes
and positions of the vertical teil and various positions of the
horizontal tail. The flight tests were made over the 1ift range with
various amounts of directional stability. The tuft surveys were made
for the wing alone over the lift range. Calculations were made to
determine the boundary of zero damping of the lateral oscillations of
the model to obtain a correlation with the flight recults.

SYMBOLS

The forces end moments were measured about the stebility axes.
A diagrem of these axes showing positive directions of the forces and
moments is given in figure 1.

A aspect ratio
S wing area, square feet
v airspeed, feet per second

welght of airplane, pounds

wing span, feet

i = - -

alleron span, feet
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c wing chord, measured in plane parzllel to plane of symmetry,
feet

Cq aileron chord, feet

e mean aerodynamic chord, measured in plane parallel to
plane of symmetry, feet

A angle of sweepback of quarter—chord line of wing,
degrees

i angle of incidence, degrees

o angle of attack, degrees

p taper ratio ‘(ci/cy)

I rolling moment, foot-pounds

i yawing moment, foot-pounds

M pitching moment, foot-pounds

C, 1ift coefficient (L}ft/qs)

Cy drag cocfficient (Drag/qS)

C, pitching-moment coefficient (M/qS¢€)

c, rolling-moment coefficient (L/qSb)

C, yawing-moment coefficient (N/qSb)

Cy lateral-force coefficient (Lateral force/qsS)

P period of lateral oscillation, seconds

q dynamic‘pressure, pounds per square foot (%pV?)

o} mass density of air, slugs per cubic foot

B angle of sideslip, degrees

n relative-density factor (m/pSb)

jn} mess, slugs
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ig%‘ helix angle generated by wing tip, radians

P rolling angular velocity, redianz per second

x yawing angular velocity, redians per sccond

W angle of yaw, degrees (for force-test data, ¥ = -B)

@ angle of roll, degrees

EX radius of gyration about principal X-axis of inertie, feet
kg redius of gyration about prinéipal Zr-axis of inertia, feeb
C effective-dihedral peremeter, that is, rate of chenge of

15 rolling-moment coefficient with angle of sideslip, per
degree (BCl/bB)

(s) total aileron deflection,degrees (sum of deflections of right
and left ailerons, equal up and down)

Cy rolllngﬂmoment coefficient per degree deflection of one
)
o aileron BC /06 )
Cn directional-stablllty parameter, that is, rate of change of
p yawing-moment coefficient with angle of sideslip, per degree
(/%)
Cy lateral -force parameter, that is, rate of change of lateral-
g ﬁorce coefficient with angle of sideslip, per degree
/
\0 Y/ BB)
Cn rete of change of yawing-moment coefficient with roiling-
P \
angular-velocity factor, per radian 130 /6?§>
Cl rete of change of rolling-moment coefficient with rolling-
D

anguler-velocity factor, per radian émz/ng)

Cy rate of change of rolling-moment coefficient with yawing-

angular-velocity factor, per radian (GC /\rb )
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Cnr rate of change of yawing-moment coefficient with yawing-
angular-velocity factor, per radien (Bcn/aggj

R Routh's discriminant b

% flight-path angle, positive refers to climb. degrees

Subscripts:

t tip

r root

it horizontel tail

APPARATUS

The power-off flight and force tests were made in the Langley
free-flight tunnel. The free-flight-tunnel balance rotates in yaw
with the model sc that all forces and moments are measured about the
stebility axes. (See fig. 1.) A complete descripticn. of the tunnel
and balance is given in references 2 and 3, respectively. . A photograph
of the model in flight in the test section of the tunnei is shown in
figure 2. Tuft tests of the model wing were made in the Langley 15-foot
free-spinning tunnel.

A sketch of the model tested is shown in figure 3. The model
consisted of a wooden boom upon which were mounted the wing and
stabilizing surfaces. The wing had 42° sweepback of the quarter-
chord line and a taper ratio of 0.5. The airfoil section perpendicular
to the 0.50-chord line was a Rhode St. Genese 33 section. This
section was used in accordance. with free-flight-tunnel practice of
using airfoil sections which obtain meximum 1ift coeificients in the
low-scale tests approximately equal to that of a full-scale wing having
conventlonal airfoil sections. The stabilizing surfaces were straight-
taper unswept horizontal and vertical tails having NACA 0009 airfoil
sections. Two vertical tails were tested on the model, one 10.6 percent
of the wing arce the other 5.25 percent of the wing area. The modsl
‘was constructed so that the vertical- and horizontal-tail lengths
could be varied and so that the vertical position of the horizontal
tail could be adjusted. Figure 3 presents the geometric characteristics
-of the stabilizing surfaces and figure 4 presents the various positions
of' the surfaces for which tests were mede.
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TESTS AND CALCULATIONS

Force tests were made to determine the lift, drag, and pitching-
moment charecteristics throughout the lift renge for the model without
the horizontal tail and with the horizontal tail in the three positions
shown in figure 4. In addition, force tests were mede at 15° yaw
over the 1ift range to determine the lateral stability characteristics
of the model with the vertical teil removed, with vertical tall 2
mounted in position 1,and with vertical teil 1 mounted in positions 1, 2,
and 3. (See fig. 4.) For all these tests the horizontal tail was in
position 1. All the force tests were made at a dynamic pressure
of 3.0 pounds per squere foot, which corresponds to & test Reynolds
number of 271,000 based on the mean asrodynemic chord of 6.68 foot.

Tuft tests were mede to study the flow pattern over the wing
elone throughout the lift range. These tests were made at zero yaw
at a dynemic pressure of 2.8 pounds per square foot, which corresponds
to a test Reynolds number of 20%,000. Photographs were teken of the
upperosurface of the wing over a renge of angle of attack from 0°
to 3.

Power-off flight tests of the model with the center of gravity
at 0.55 mean aerodynamic chord were made throughout a lift-coefficient
range from 0.48 to 1.02. In addition some flights were made with the
center of gravity at 0.40 meen aerocdynemic chord at a 1ift coefficlent
of approximately 0.75. For all these tests the vertical tail (tail 2)
and the horizontel tail were mounted in position 1, respectively.
Power-off flight tests were also made at a 1ift coefficient of
approximately 0.6 with vertical tail 1 mounted in positions X 0y
end 3. (See fig. U4.)

In the flights, ebrupt deflections of approximately +18°
(total 36°) of the ailerons, 5° of the rudder, and 50 of the elevator
were used for controlling the model. A complete description of
the flight-testing technique used in the Langley free-flight tunnel
is described in reference 2. The behavior of the model in flight
under the various test conditions was noted by visual observetions
which were supplemented by motion-picture records.

Celculetions were made by the method presented in reference Y
to determine the boundary of zero demping of the lateral oscillations
of the model at 1ift coefficients of 0.8 and 0.4 to obtain a
correlation with the flight results. Because a previous investigetion
(reference 5) showed that products of inertia in some conditions had
a pronounced effect on lateral stebility, two sets of calculations
were made, one taking into consideration the product-of -inertia terms
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and the other neglecting the product-of ~inertia terms. For the

calculations in which the products of inertia were neglected, the
principal axes of -nertia were assumed to coincide with the body

axes of the model. The aerodynamic, geometric, and mass charac -
teristics of the model used in the celculations are presented in
teble I. The mass characteristics of the model were obtained by
measurements. The trim airspeed, flight-path engle, and angle of
attack for a 1ift coefficient of 0.8 were obtained from flight

tests. TFor & 1lift coefficlent of 0.4 these values vere obtained
from celculations and force tests. The values of cYB(tail of?)

and Cn were obtained from force tests and the values of
B(tail off)

the damping-in-roll perameter - C, were obtained from the experi-

' P

mental data of reference 1. The values of the other gtability

paremeters were estimated from the charts of reference € with soume

consideration being given to the effect of swoepback on these

paremeters.

RESULTS AND DISCUSSICON

Force Tests

Longitudinal stability.- The results of the force tests to
determine the 1ift, drag, and pitching-moment characteristics of the
model without & horizontel tail and with the horizontal tail in
position 1 are presented in figure 5. These data indicate that the
model with the horizontal tail off had wnsatisfactory static longi-
tudinal stability characteristics at moderate and high coefficients
as evidenced by the increasing nosing-up moments es meximum 1ift 1s
approached. These data also indicate that with the horizontal tail
in position 1 the model had satisfactory static longitudinal stability
throughout the 1ift renge. The downwash varietion with 1ift coefficient
was extremely favorable in producing static longitudinal stability.

As the 1ift coefficient increased, the downwash &pprrently decreasged
gsuch that the horizontal tail beceme more effective. This increase
in effectiveness was great enough to straighten out the pitching-
moment curve for the complete model.

The results of the force tests made to determine the pitching-
moment charecteristics of the model with various horizontal-teil
positions are presented in figure 6. These data are given with respect
to different center-of-gravity locations which give approximately equal
static margins over a modsrete lift-coefficient range (0.2 to 0.6) so
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that & direct comparison of the curves cen be mwade. The data of
figure 6 show that moving the horizontel tail forwerd resulted

in a largs decrease in static longltudinal etebility at the

higher 1ift coefficients (0.7 to 1.1). Moving tue horizontel teil
upward to & position thet might be more suitable from high-speed-
flight considerations resulted in very marked instebility over the
1ift-coefficient range of 0.5 to 0.95. These deta indicate tnat
severe changes in downwash exist behind the swept-back wing which
necessitates careful attention to horizontal-tall position in orier
to obtaln satisfactory static longitudinal stebility characteristics
throughout the 1ift range.

Tetersl stability.- The results of the force tests made %o
determine the lateral stability characteristics of the model arc
presented in figure 7 in the form of plots of the lateral ~force
parameter CYB’ directionel-stability paremeter CnB’ and

effective -dihedral paremeter ClS egainst angle of attack and

1ift coefficient. ese date show that with the vertical tail
removed, the model had a typical variation of CZB with C, for

a swept-back wing. Adding the verticel tail reduced the variation
of C, with C, up toa C; of 0.7. This reduction results

beceuse the vertical teil moves downward with increasing angle of

aettack. The data of figure 7 also show that the model with vertical

tail vemoved had approximetely zerc directional stability an = O\
A g i

and that the addition of tail arsa snd the increase in verticai-tail
length increased the directional stebility as expected.

Flow Surveys

The results of the tuft tests of the wing alone are presented
in figure 8. These results are typlcal of moderate aspect-ratio wings
with feirly large smounts of sweepback. At low 1ift coefficlents the
eir flow over the wing is normel but at moderate 1lift ccefficients
there 1s & spanwise air flow toward the wing tips aleng the trailing
edge of the wing. As the lift coefficient is increaced, this outward
flow becomes more pronounced and effects chordwise stations
progressively farther ahead. At maximum lift coofficicnt all the flow
on the wing panels is outward end reverse Tlow and flow separation is
noted near the leading edge at the quarter spen.
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Flight Tests

All the flight tests were mede with the horizontal tall in
position 1. This horizontal-tail position was chosen because force
tests showed that with this tail position the most satisfactory
static longitudinal stebility was obtained throughout the 1lift range.

Longitudinal stebility.- The dynemic longitudinal stability
characteristics of the model with horizontal tail 1 and the center
of gravity at 0.55 mean aerodynemic chord were considered satisfactory
between 1lift coefficients of 0.48 to 0.65. In this lift-coefficient
range the model fleéw steadily longitudinally and all pitching motions
appeared to be heavily demped..

Over the lift-ccefficient range from 0.65 to 0.80, satisfactory
flights could not be cbtained because of difficulty in estallishing
the correct trim airspeed snd tunnel angle (which corresponde to the
model flight-path engle). At times these settings would appear to be
correct and the model would be flying satisfectorily but then
suddenly, and for no apperent reason, the model would tend to rise or
drop in the tunnel and large changes in tunnel angle and airspeed would
be required to maintain flight. Often the changes required were o
large that they could not be made quickly enough to prevent the model
from crashing. This difficulty has never been experienced before in
the Langley free-flight tunnel end must therefore be assoclated in some
way with the perticuler swept-back wing tested (A = 42°, A = 5.0,
and A = 0.5). The force tests indicete that the model has sufficient
stetic longitudinel stability except possibly between 1ift coefficients
of 0.65 and 0.75 (fiz. 5). It was thought that the reduced stability
between 1ift coefficients of 0.65 and 0.75 might explain the errvatic
flight behavior noted betwusn 1ift coefficients of 0.65 and 0.80.

A few flights made with the center of gravity moved forward (.15 mean
aerodynamic chord to increase the static longitudinal stability

(fig. 9), however, did not result in an improvement in the longitudinal
flight behavior in this 1ift coefficient range (0.65 t0:0.80).

The erratic longitudinal flight behavior at 1ift coefficients
between 0.65 and 0.80 might be the result of & change in air flow over
the wing (indicated by the pitching-moment date of fig. 5 and tuft tests
of fig. 8) combined with & large variation of the flight-path engle
with 1ift coefficient (shown by the data of fig. 10). The erratic
flight behavior of the model in the tunnel indicates that airplenes
with wings which have abrupt changes in the veriaticn of pitching moment
with 1ift coefficient might have unsatisfactory dynamic longitudinal
charecteristics even though satisfaectory static longitudinal stebility
1s provided by a horizontal tail. This supposition is substantiated
by figure 11 in which pitching-moment charecteristics and flight-path
angles for the model tested are compared with similar date for e model
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heving & wing with the same sweepback but a lower aspect ratio {3.0)-
These data show that the low-sspect-ratio wing doee not have as
abrupt a change in its pitching-moment curve as the high-aspect
ratio wing and hes e smaller variation of flight-path angle with
1ift coefficient. The static longitudinal staebility characteristics
of the complete models are simliar and appeer to be setisfactory.

In the flight tests with the model of aspect ratio 3.0, the dynamic
longitudinal stebility was setlsfactory at all 1ift coefficients
tested. It appearstherefore thet the difficulties experienced in
flight with the model of espect ratio 5.9 between 1lift coefficlents
of 0.65 to 0.8 can be attributed to the ebrupt changes in wing
pitching moment and flight-path angle. The unsatisfactory longi-
tudinal stability noted in the model flights might be evidenced in
full-scale flight by difficulty in mainteining steady flight at 1ift
coefficients at which abrupt chenges occur in the pitching-moment
cheracteristics of the wing. This particular phenomenon requires
further investigation.

In flights at 1ift coefflicients between 0.80 and 1.02 with the
center of gravity et 0.55 mean asrcdynamic chord, the longitudinal
stability was considered fairly satisfactory although not as good as
for lift coefficients between 0.48 and 0.65. VWhen the model reached
angles of attack that corresponded to the stall the model settled
to the tunnel floor without any pitching motion.

Lateral stability end control.- With vertical *ci1l 2 in position 1
the lateral stebility charscteristics of the model werv considercd
setisfactory throughout the lift-coefficient range investigated. The
laterel motions, predominently rolling accompanied by a small emount
of yewing, were feirly well demped. Although alleron control was
noticeably weak at 1ift coefficients above 0.9, no great difficulty
was encountered in maintelning lateral control. The ability to
maintain latersl control at high 1ift coefficients with reduced eileron
effectivencss is attributed to the fact that the wing damping in
roll (Cz ) at these high 1lift coefficients was also appreciably

P

reduced. (See fig. 12.)

At the stall no adbrupt roll-offs occurred and the model usuvally
settled to the tunnel floor with wings level. This good stalling
behavior is attributed to the slight positive demping in roll present
at the stall for this wing, which 1s in contrest to the negative
demping or autorotation at the stell for unswept wings. (Seec fig. 12.)

In the flights made with vertical teil 1 in positions 1, 2,
and 3 the reduction in tail size (tail 2 to tail 1) or the reduction
in tail length (positions 1 to 3) resultsd in a progressive reduction
in the damping of the lateral oscilletion. Figure 13 presents the
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results of motion-picture records of flights with controls fixed
made with vertical tail 1 in positions 1, 2, and 3. These data show
the reduced damping of the rolling motion as teil length wes reduced
and indicete that with tail 1 in position 3 marginal lateral
stebility was obtained.

The results of the calculations made to determine the boundery
of zero demping of the lateral oscilletion (R = 0) &are presented
end correlated with the flight results in figure 1l4. These dote
show that the more complete theory, product-of-inertie terms included,
gives a satisfactory indication of the boundary for zerc demping
of the lateral oscillation but that when product-of -inertia terms
are neglected the boundary for zero demping is not predicted with
satisfactory accuracy. When the product-of -inertla terms are
neglected, the boundary indicates lateral instability for lerger
values of CnB than those for which the flight tests indicated that

lateral instability exists. Neglecting the product-of -inertia terms
corresponds to the condition where the flight path and the principal
axes of inertia coincide. which could be accomplished on the model
by introducing the proper smount of wing incidence. A detailed
analysis of the effect of product of inertia on the lateral stability
boundary for zero damping of the lateral oscillation is given in
reference 5.

CONCLUDING REMARKS

The results of force tests and power-off flight tests of an
eirplane model with a 42° swept-back wing of aspect ratio 5.9 and
teper ratio 0.5 in the Langley free-flight tunnel are summarized
as follows:

1. Althouzh the wing alone was statically unstnele longi-
tudinally at moderate and high 1ift coefficients, the complete model
was statically steble over the lift range for some horizontal-tail
positions. The tests showed, however, that the static longitudinal
stability was critically dependent on tail pogition.

2. The dynamic longitudinal stability noted in the flight tests

wes satisfactory except over a lift-coefficient range from 0.65

to 0.80 in which extreme difficulty was experienced in esteblishing
the correct trim airspeed end flight-path angle. This difficulty,
which has not been previously experienced in free-flight-tunnel
investigations, was appercntly assoclated with a chenge in air flow
over the wing that ceused abrupt changes in the variation of wing
pitching moment and model flight-path engle over this range of lift
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coefficient. The dynamic longitudinel behavior was erratic in this
lift-coefficient range although the static longitudinal stability
from force tests of the complete model appeared to be satisfactory.
This particular phenomenon requires further investigation.

3. The lateral oscillaticn of the model was predominently a
rolling motion vhich was well damped when a large verticel tail was
used. Reducing the vertical-tail size or vertical-tail length
resulted in reductions in demping such that with the smallest taill
and the shortest tail-length configuretion flown, the oscillation
wae marginelly steable.

L. The boundary of zero damping of the lateral oscillation of
the model obtained in flight tests was predicted by the lateral-
stability theory that included product-of-inertia terms. When the
product-of -inertia terms were neglected, the theory did not predict
the boundary for zero demping but indiceted instability for larger
values of directional stebility than cobserved in the flight tests.

5. The lateral control of the model was satisfactory at low
1lift coefficients. At high 1ift coefficients the lateral control
was noticeably weaker but no great difficulty was encountercd in
maintaining control. This ability tec meintein lateral control with
reduced aileron effectiveness was attributed to the reduced demping
in roll at these high 1lift coefficients.

6. At the stall the model settled to the tunnel Ffloor without
pitching or rolling off. The absence of rolling is attributed to the
fact that the swept wing mainteins some damping in roll at the stall
in contrast to an unswept wing which usually would autorotate at the
stall.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Acronautics
Tengley Field, Va., October 24, 1946
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TABLE 1

14

CHARACTERISTICS OF AIRPLANE MODEL WITH 42° SWEPT-BACK WING USED

IN THE CALCULATIONE OF THE BOUNDARY OF ZERO DAMPING

OF THE LATERAL OSCILLATION. (R = O)
cL =0.8 C = 0.4

W/s, 1b/sq ft 1.8 1.8
b £t 3.8 3.8
o, slugs/cu ft 0.00238 0.00238
Vv, ft/sec L 62
n 6.33 6.33
ky, £t 0.51 0.51
k. Bt 1.29 1.29
Cz , per radian (o) ey -0.28

P
C, , per radian 0.142 - 0.099C 0.108 + o.osocn

r B(tail) B(tail)
C_, per radian -0.0406 - 0.099C -0.0309 - 0.060cn

Np(tail) B(tail)

Cn , per radian =0.0131 = 1.2C 0001 = 1ueC

T B(tail) B(tail)
cY , per radian -0.0074 - 1.67cn -0.0074 - 1.670n

B B(tail) B(tail)
C , per radian 0 (0]
fg(tail off)
7, deg -9 =10
a, deg 10 2

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 2.- Airplane model with 42° swept-back wing in flight in
the Langley free-flight tunnel.
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Frgure 3.-Awplane mode! with 42 °swept-back wing
Fested 1n 1hHe éaﬂq/eg free-Fhght tunnel. Wing
airtorl sectron , fiodé St Genese 33, perpendicalar
Fo O.50-chord mne ; 7/ qwFol Secsions, NACA 0003




Fig. 4

NACA TN No. 1287
yerticol-tal position 3 2 4 .
= e 20 e
SR //Pudder
|- ,?4b->| Hmnge 117
’I/f ‘!"“‘ ,,"—'r\‘\ /—T\’ Tarl 71
P S L |
| NS clgtatisoie

Vertical-tarl positions tested

Horrzonlal-Tar! position 2 1 3 T-ic=-

\ Z It (—%_7—5/// 2
= &
n /L e
—

« £ e valor
o 1mnge hne
8¢ |
s

Horizontal-tail positions tested

= 2T

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

frgure 4.- verlical- and horizontal -/
posiltons lested in free- flight-

runnel nvestigation orf aqn @rplare
moce/ wittr 42° swepl-back wing.




NACA TN No. 1287

Drag coefficient, Cp

(@

N

w

[

" 4
g@
Qﬁ\\ 2 fE
N ! —O— Wing alone
'Q\S\j \fﬁ% — 1 — Ccmgp/efe /moael
X
83 0
ke
Q
=0

JE JJ
1O 0, € 1
S g |
.\.8 J . 7 .
~N 2
2 :
O g
::\: ,6 T .J
3 =R
G L }]
o "
NE ]
N
q /' : O
¢ 7
L sy
oE '
o) 8 16 24 AR o
Angle of altack , oC, deg RIching -1220ment

coetficient, Cr

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figyre S.- varjagfion of the static longifudinal  Jorce
characteristics of the airplane model with 42°
swepl-back wing. Vertical ta 2 in position /;
hforézg_szfg/ 7a1l 17~ pasifiors | center of gravity
al OI5c, .

Fig. 5



Fig. 6 NACA TN No. 1287
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NACA TN No. 1287 Fig. 8
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Fig. 10 NACA TN No. 1287
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NACA TN No. 1287 Fig. 13
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Fig. 14 NACA TN No. 1287

006 :
Ci. Y| Stoble
OI 8 <<<«(< } Froduct- of- inertia
<<<<<<‘ M terms included
004 s Unstable

ps
UQ lé\(\\ ual
002 fa 4 A'E,\i%n_ﬂ Stable ,
~ Q?« ol f Product-of-inerta
P 8

Lé é«ﬁg Fo Bl o il i rerms neglected
&6‘ < ‘
o) Soc® & A4 Unstable
7o
006 ‘
| Curves estunated Flight
forC, = 0.6 conditions Lateral
004 x((«(( Vertica/ 7—4// C motion
' < +ol | positon) ¢
@ ol / /062 Slable
& o| 2 | 62| stoble
002 & © o/ 3 | .60\Margmal
' T al 2 /| .62| stoble
o (ﬂf"‘
O ‘wéprree i
O 002 004 006

- Cl
& NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

Figure /4.~ Correlotion of the calculaled R=0 boundary
including and neglecting product—of-inerta ferms
with Flight-test results.,




