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DETERMTHATION OF THE STABILITY ATD COITROL CHIARACTERISTICS

OF A STRAIGHET-VITXG, TATLLESS FICHTLR~AIRPLANE IODEL IN

THE LANCLEY FREE~-FLIGHT TUNNEL

By Charles L. Seacord, Jr., and Herman 0. Ankenbruck
SUMMARY

An investigation to determine the stability and
control characteristics of a straight-wing, tallless
fighter model with a pusher propeller designed by the
NACA has been made in the Langley free-flight tunnel,

The investigation consisted principally of force and
flight tests of a powered dynamic rodel. The efifeets

of tail configuration, center-of-gravity location, and
power on the stability and control characteristics of the
model were determined, Tests were also made in the
Langley 15-foot free-spinning tunnel to determine whether
the model would trim at very high angles of attack.

The results of the investigation may be summarized
as follows: The general flight characteristics of the
model were good and compasred favorably with the flight
characteristics of good conventional airplane models
previously tested in the Langley free-flight tunnel, As
the angle of attack was increased, the longitudinal
stability of the micdel increased instead of decreasing as
hat of tailless airplanes with swept-back wings usually
does, Power caused a slight reduction in the longi-
tudinal stability measured at constant power. This
reduction in stability, however, did not affect the longi-
tudinal steadiness of the model in flight tests. The
model did not show the tendency to trim at very high
angles of attack (above the stall) that has been a char-
acteristic of some swept-back tailless alrplanes. The
lateral flight characteristics of the model with both
vertical tails installed were good. The directional
stability of the model was satisfactory and was improved
by the application of power, The effective dihedral was
desirably small and was not appreciably affected by power,
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The control surfaces of the model provided adequate longi-
tudinal and lateral control,

INTRODUCT ION

Previous investigations of the stability and control
of tailless airplanes with swespback (references 1 to l)
have indicated that the sweepback is the cause of the poor
longitudlnal stability and the loss of control near thé
stall which are often characterlstic of such airplanes,
I »order to determine the effects on stability of elim-
nating the sweephack, a st“al"ht—winu, tallless fighter
alrolane has been declfned by the NACA and a model of the

1~

design has been tested in the Langley free-flight tunnel,

The present investigation is one phase of the tailless-
airplane research program being carrlud out in the Langley
free-flight tunnel to uetCPM¢P, the relative merits of the
various types of tailless aircraft and includes results of
both force and flight tests of a dynamic powered mcdel with
a pusher propeller. 2Recause some tendency has been noted
for tailless airplanes to trim at very high angles of
attack, £ 900, brief tests were also made in the Langley
15-foot free-spinning tunnel to investigate the trim
characteristics of the model at large angles of attack,

‘The force tests were made with the model eguipped with

two diffcrent sizes of vertical tall surface, with pro-
pellers off and with propsllers on, and with power adjusted
to simulate that typlical of modern fighter airplanes, The
model was flown with twe different sizec of vertical tail,
with various center-of-gravity locations, and with various
amounts of power,

SYMBOLS AND DiESICNATIONS

i (TAFE
Cp.  11ft coerriclent (-lfb)
qs
Cp drag coefficlent (22%5)
q
519 pitching-moment coefficient about normal

Ce8¢ center-of-gravity locaticn (M/QES

Lateral force)
as

CY lateral-force ccefficient (
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M

N

rolling-moment coefficient (L/qbsS)
vawing-moment ébefficient (N/qbs)
rolling moment; fobt~pounds
pitching moment,'fbot-poﬁnds

yéwihg moment, foot-pounds

dynamic pressure, pounds per square foot (%pva) '

mass density of air, slugs per cublc foot
alrspeed, feet psr second
weight of airplane, pounds

g area, square feet

wing
wing span, feet
wing chord, inches

mean aerodynamic chord (M.A.C.), feet

angle of attack of fuselage reference line, degrees

angle of yaw, degrees ( = =B)

angle of- sideslip, degrees

“angle of roll, degrees

rate of change of rolling-moment coefficlent with

angle of sideslip, per degree  (dC;/dp)

rate of change of yawing-moment coefficient with ‘
angle of sideslip,: per degree . (an/dB)'

thrust disk-loading coefficient (é/bvana)
thrust, pouﬁds »

propeller diameter, feet

fight-ai&éron deflection, degrees

CONPIDENT IAL
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& elevator deflection, degrees
ky radius of gyration sbout X-axis

ky radius of gyration about ¥Ye-axis

ky radius of gyration about Z-axis
The parts of the model are designated as follows:
W Wing”

F fuselage, including pilot's enclosure and wire
landing gear

2 propeller:
Vq lower vertical tail

Vo upper vertical tail

APPARATUS ' S

{find Tunnels

The investigation was carried out in the Langley
free-flight tunnel, which is equipped for testing free-
flying dynamic models., A complete description of the _
tunnel and its operation is given in reference 5. Force
measurements were made on the Langley free-flight-tunnel
six-component balance described in reference G - The
forces and moments are measured on this balance with
respect to stablility axes, The stability axes of an air-
plane are defined as an orthogonal system of axes inter-
secting at the center of gravity in which the Z-axis is in
the plane of symmetry and perpendicular to the relative
wind, the X-axis is in the plané of syumetry and perpendi-
cular to the Z~axilg, and the Y-axis is perpendicular to. the
plane of symmetry. A sketch showing the stability axes of
an alrplane is presented as figure 1. A photograph of the
test section of the tunnel showing the model belng tested
in flight is presented as figure 2, The tests to deter-
mine the trim characteristics of the model at nigh angles
of attack were made in the Langley 15-foot free-spinning
tunnel, a description of which is given in reference 7,

CONMPTDRENTTAT,
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Model

The test.model.was,designed and constructed by the
NACA and corresponds to‘a_73-scale model of a Hyoo~

thetical tailless airdplane with a };0-foot span, It is

a high-wihg désign Wwith the 5C-percent-chord line straight
and has a small fuselage, a pushcr propeller, and conven-
tional vertical tail surfaces, 'A drawing and: photographs
of the model aré piven as nghres 3 Lé. bg

Lohgitudinal control’ for the model was provided by
eleva*ors that extended over the inboard portion of the
wing, and latéral’ control was provided by conventional
aileron and rudder surfaces. For power-off (windmilling)
tests, the model was fitted with a four-blade propeller
that was allowed to windmill freely. For power-on tests,

the model was. equipped with a_lrhorsenower electric motor
? oy . . . » ’

driving an ll-inch-diameter three-blade propeller. The
three-blatle propeller was installed in place of the four
blade propeller because the characteristics of' the motor
made it pos<1ble to.obtaln higher thrusts with this
arrangemvnu.

3

The mocel wwng nad a Rhode St. Genese 25 %airreid
section (reflexed) because this section has a high maximum
1ift coefficient at the low Reynolds numbers at which the
tests were run,

The physical characterististics of a full-scale air-
plane based on scaled-up values (10:1) of the dimensions
of the model are:

R Sl s . e v 9O e BT Vb et adets o BORD

s

Vil lrlb
g e R R e R A 7
A R R B APPSR I
Aspect ratio

. ° . . . . . . . . ° . . . . . . IO

Sweepback of 50-percent-chord line, degrees. . « « O
Sweepback of 25-percent-chord line, degrees. . . B
RRd00rice , GEcHe88 5 & 4 4 4 o-w @ ow wiec¥ ale & 0
Dihedral angle of midthickness line, degrees . . . 0
B Riralias o v « v oo & B v ow ow-R IR T 0w s 2§l
MaldChy Inchied i » . i 20 W ileae ¥ dre W5 WG
Location of M.A.C. bannd L.u. of
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Bl Uilopd, 1n8hel « oo sis i d v b wie T e G0
BN Ord, IMcHEsy o ¥l wl st wde Wiy B Sy L areT TORY
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Aileron
T;\j‘pe L] . . L] . . . . . . . . . .
Area, percent wing ares o « o »
Span, percent wing span « . . ,
Chord,  pospeerit wing chord « +

Elevator :
L s TR AR
Area, percent wlng areda « . « .
Span, percent wing span « o« o o
Chord, pércent wing chord ., . .

Normal c.ge location
Behind L.E. of root chord,
Above thrust line, inches .« «

Above thrust line,

kY/b IR G SO

Vertlcal talls

Total area of each, percent wing area ,

.

Inches
Behind L.E. of .roct chord, .percent

pereent MiA.Q.
Ratios of radii of gyration to wing span

NACA ACR No. L5K05

Wing loading, W/S, pounds per square foot

NI . ;L . C

. 30
+Plain
L] . 7
R -

20

Plain flap

Rudder area, percent total vertical-tall aréa

Aspect ratio (each tall ) . « &
Diatance from c.g.. to rudder
Lt pRYCERt WANG SPRNs 5 e« ¢ ¥ e

TESTS

Force Tests

Iost of the force tests were

surzs of l1.09 pounds per square fnot
to a test Reynolds number of aphrcx*mdtelj 2LO OOO based

.the mean aurod“naﬂlc ‘ehord ‘of 0,699 foot.
t‘SES consisted oi angle~of-attack runs made to determine
modifications to the

the efifects of power and various

hinge 1line,

ade at a d"namlc
which corresponds

Tt
S L
o b
28,8
20,0
. - ED
» L‘-.
0.158
0.133%
0,173
el 580
= ras
1.85
a2

The force

model on longitudinal stahility and control and yazw runs

made to determine the lateral stability and controel char-

acteristics of the model in all condltlons.

ef the force-test ,conditions is given in
& .

tests were
ofsthe

shown in table I, power-on force
the stetic longitudinal stability

stability tests the
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to,determine
model operating
with power simulating zero thrust and 1200 brake horsepower
for.the hypothetical full-scale airplanc.
model operated with

In the lateral-
power simulating
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zero thrust, 1200 brake horsepower, and 2000 brake horse-
power for the full-scale airplane,

allues of thrust coefflcient redguired teousilmilase
1200 and 2000 brake horsepower over the 1lift range of the
model tests are shown in figure 7., These data are based
on ‘an adssumed propeller efficiency for the full-scale
alrplane of 75 percent and a wing loading of 30 pounds
pertisquare foots,

Flight Tests

Model flight tests were made to determine effects
af Y1ft coefficient, center-of-gravity location, vertical-
tall area, and power on the stability and control char-
acteristics of the model. In the power-off condition,
flights weére made over a range of 1lift coefficients from
0.32 to 0,95 for center-of-gravity locations ranging
between 15 and 235 percent M.A.C. Most flight tests were
made with the model egquipped with both upper and lower
vertieal talls, but a few cests were made with the model
equipped with the upper tail only. Power-on flight tests
were made for a lift-coefficient range with the normal
center-of-gravity location (20 percent M.A.C.)s Thé highest
power simulated in flight was 1200 brake horsepower,

Free~to-Trim Tests

In the free-to-trim tests the model was supported
in the air stream of the Langley l5-foot free-spinning
tunnel on the stand shown in figure 8. The model was free
to rotate in pitch about its center of gravity and had
a possible travel of about 200°, The model was restrained
until the airspeed had been adjusted and was then released
to trim. The model was released at angles of attack from
0° to # 90° with the elevators set to trim the model at an
angle of attack of 89,

RESULTS AIID DISCUSSIO=R

Longitudinal Stability

Power-off force tests.- The results of force tests
made to determine the longitudinal stability characteristics

CANF'IDENTIAL
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of the model with power off are presented in figure 9.
The effects of the various component: parts of the model
on the stablility are also shown in this figure,

The data of figure 9 show that the model was longi-
tudlinally stable up to the stall. This characteristiec
1s desirable and is not usually possessed by tailless
designs incorporating sweepback. ~The stability of the
rmodel increased with increasing 1lift coefficient; the
static margin, as indicated by the value of -dqn/aCL,
varied from about 0,02 at low 1ift coefficients to about
0,07 at high 1ift coefficlents with the normal center-of-
gravity location (20 percent M.A.C.). Reference 8 shows
that this change in the slope of the pitching-moment
suae. 18 cnaracter stic of a high~wing arrangement on a
round fuselage and indlcates that the pitching-moment
curve could nrobably be straightened by lowering the wing
to a high midwing position. ’

The data of figure 9 show that adding the fuselage
to the wing caused a reduction in static margin —dC dC
of about 0,01. The data also show, however, tnat tne
stabllizing effect of the windmilling pusher propeller
countersacted the destabilizing faselabe effect, so that
the stablllfy of the complete model was 31milar to.that .
of the wing alone,

Power-off flight tests,- In power-off flight tests
with the center of gravity at 20 percent M.A.C., the
longitudinal stability of t he model was saulsfdc+ory at-
1ift coefficients from O, 50 to the stall, at which. the
static margin was 0,05, At 1lift coeffi oleﬂts less than.
0,50, however, the longitudinal motion of the model was
unsteady and freguent elevator control was required to
keep the model flying. This unsteadiness was attributed
to the small static margin (abont 0,02 or 0.03) at low
1ift coefficients previously.indicsted by the force tests.,

When the static margin was increased by 0,02 by moving
. the center of gravity shead to 18 percent M.A.C., steady
flights were .obtained over the entire 1lift range from a
1ift coefficient of 0,32 to the stall (flights could not

be made at 1ift coefficisnts lower than 0.%2 because of
tunnel airspeed limitations).

Decreasing the static margin by shifting the- center
of gravity to 22 percent M.A.C. caused the longitudinal

CONFIDENTIAL
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flight behavior of the model to become completely unsatis-
factory at 1lift coefficients less than 0.50 and only fair-
ly satisfactory at 1lift coefficients greater than 0.50.

In some flights mads at 1lift coefficients above 0.50 with
a static margin of about 0.02 or 0,03, the model was very
unsteady and difficult to control. and the longitudinal
characteristics were very similar to those obtained in the
flight tests made at 1ift coefficients below 0,50 and with
the center of gravity at 20 percent M.A.C. '

Previous tests in the Langley free-flight tunnel
(reference .9) have shown that conventional models had
longitudinal steadiness characteristics which were
essentially the same as tliose of the straight-wing,
tailless model with corresponding values of static margin,
In this respect the results of the present investigation
are in agreement with the results of reference 9, which
showed that variatiocn of damping in pitch has little effect
on longitudinal steadiness as long as the static margin 1s
satisfactory.

Power-on force tests.- For purposes of discussion,
static margin has been assumed equal to —de/dCL. This
assumption should be nearly true in the case of the mecdel
tested because the model has no horizontal tail and
because the wing is not in the slipstream. The force-test
data of figure 10 show that power caused a reduction in
static margin which, though appreciable (0,03 or 0.04),
was not so great as the reduction often caused by power
on conventional single-engine airplanes with tractor
propellsers (reference 10). At 1200 brake horsepower with
the center of gravity at 20 percent M.A.C. the model had
a static margin of only about 0.0l over most of the 1lift
range. '

The results of cslculations made to determine the
cause of the decrease in stability with application of
power are presented in figure 11 in the form of incre-
mental pitching moments provided by the propeller normal
force and propeller thrust (figs. 1l(a) and (b)). The
combined calculated effects of propeller forces are also
compsred (fig. 11(c)) with the measured power effects
taken from the data of figure 10, The calculations show
that, although the normal force of the pusher propeller
provided a slight stabilizing effect, the propeller thrust
provided a much greater destabilizing effect. Figure 11
shows that the measured destabilizing effect of power was
about- twice the calculated effect of direct propeller

CONFIDENTIAL
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[

|

|

| . forces. The additioral urstable moments may have been

~ roduced by the Inflow effects over the wing and the
rear portion of the fuseélage. The data of figure 12

\ show that 1f the center of rav1ty of the model were

| shifted vertically downward from 0.048 M.A.C. above the
thrust line to 0,011 M.A.C. below uke thrust line, power

{ would not affect the static longltuuinal stability of

] the model. i

|

|

|

|

\

|

Power-on flight tests.- Although the force-test
results 1Indicated a decrease in longltudinal stability to
a static margin of 0,01 as the power was inc¢reased from
zero thrust to 1200 brake horsepower, the longitudinal
steadlness ‘in flight tests of the model was not appreciably
changed by power application. Flights made with power
simulating 1200 b“q'e 1ovoe ower were as steacdy as flights
made with zero thrust., Thess results thus appear to
disagree with the results of the power-off flight tests,
in which & reduction of ths vower~off static margin from
0,05 to 0,02 caused the longitudinal steadiness of the
model to become defini

tely worse,

An.explanation of this ayparent discrepancy is that
in the nower-on force tests the thrust was varied with
angle of attack to rephﬂsent constant~power flight at
different airs speeds - that is, T, was varied with B

and thus with airspeed, as shown in figure 7 = whereas
in the power-on flight tests the airspeed did not vary
immediately with angle-of-attacls changes - that is, T

| and airspeed remained constant when the nodel pitched up
or down, If the thrust coefficient T, instead of the

‘ power had bsen kept constant in the force tests, there

| would likely have been little or no change in stahility

| from the zero-thrust to the power-on conditions. 'The

| assumption is here made that curves of pitching-moment
coefficient against 1ift coefficient at constant thrust

| coefficient would have remained parallel for any. value

| of thrust coefficlent; *hau 18,

N

ARl L ed
‘ \dCL P =0 \ﬂ- T. = Any value

Since longitudinal stzadiness 1is *anely dependent on the '
rapid pitching motions or short-period oscillations that
cause no appreciable change in airspeed, the steadiness
appears to be affedted prinCLpallv by stability changes
that occur at conditions of constant thrust coefficient

anc constant airspeed and very little by changes that occur
at conditions of constant power and varying airspeed,

CONFIDZNTTIAL
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Longitudinal Control

The longitudinal-control data obtalned in the force
tests are shown in figure 10. Tlese data indicate that
with the normal center-of-gravity location the model could
be trimmed from zerc 1lift coefficient to maximum 11ift
coefficient with a total elevator movement of about 207,
The elevator effectiveness did not change noticeably when
power was applied, which indicated that there was little
effect of induced flow over the slevators. Flight tests
showed that the clevator was powerful enough to trim the
model over the entire flight range with the center of
gravity at 18 percent M.A.C.

Trim at High Angles of Attack

In the free-to-trim tests in the Langley 15-foot free-
spinning tunnel, the model upon being released In the up-
right or inverted position (at angles of attack "of 900
or =900) assumed immediately the angle of attack for which
the elevators had been set, 80, Under no conditions did
the model show the tendency to trim at high angles of
attack that has been exhibited by some swept-back tallless
designs,

Lateral Stability

Force tests.,=- The results of tests made to determine
the lateral stability characteristics of the model are
presented in figures 13 and 1. These results are
summarized in figure 15 in the form of a stability chart
that is a plot of the directional-stability parameter C,

against the effective-dihedral paramster C; .

The data of figures 13 and 15 show the effect of the
various component parts of the malel on lateral stabllity.
The wing~fuselage combination had slight directional
instability but was made slightly stable by the addition
of the pusher propeller, Addition of the vertical tails
tncreased the directional stability with propeller
windmilling to a value of CnB of about 0,0007. The

effective dihedral was small for all conditions, about 2°
for the wing-fuselage combination and about 1° for the
complete model,

CONFIDENTIAL
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The force-test data of figures 14 and 15 show a
noticeable Increase iIn directional stability with appli-
cation of power. Increasing the power from idling to
2000 brake horsepower increased the directional stability
by approximately 65 percent, The.data of figure 1L also
show that applying nower with the vertical tails off did
not increase the directiosnal stability appreclably. The
incrsase in directional stability at high power with tails
on appears to be caused primarily by the inflow effects
upon the vertical tails rather than from action of the
direct. propeller. forces. The effective dihedral was appar-
ently not affected by an increase in power, (See figes 1l
and 15,) A

Flight tests,~ The lateral flight characteristics of
the model with both vertical tails installed were good for
powers ranging from zero thrust to 1200 brake horsepower,

. The directional stability appeared to be satisfactory in

flights at zero thrust and improved with the application

of power, The small effective dihedral shown by the force
tests was noted in the flights by the absence of any appre-
ciable rolling motions when the model was disturbed in yaw
and by the negligible effects on aileron control of the
adverse yawing produced in rolling maneuvers. This small
effective dihedral was considered a desirable characteristic
for a tailless design becsuss of the relatively low direc-
tional stability of this type of airplane.

In flights with the lower tail removed, the lateral
flight characteristics were not so good as those with both
tails installed. The adverse yawing due to aileron control
was greater and the yawing motions of the model damped out
more slowly after disturbances in. vaw, The lateral flight
characteristics were considered not quite satisfactory with
this tail cenfiguration, :

Lateral Control

The force-~test data showing the aileron effectiveness
are presented in figure 16. Thege data show that the
allerons were effective at all angles of attack up to the
stall (approx, 129),

In the flight tests adequate lateral control was

obtained by using abrupt aileron deflections of + 15°,
Rudder deflections of £ 12° used in conjunction with the

CONFIDENTIAL
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aileron control were usually sufficient to balance out the
adverse yawing moments caused by alleron deflection and
rolling velocity.

CONCLUSIONS

.

. -The .results of tests in the Langley free-flight
tunnel of a straight-wing, tailless fighter model with
a pusher propeller may be summarized as follows:

1. The general flight characteristics of the model
were -good and ccmpared favorably with the flight character-
1atlce of good conventional ai irplane models previously
tested in uhe LQ1PWey rree—;Wlbht uunnel.

24 Ma the uqvle of attack was Incr eased the lon
T ﬂinal stability of the model increased instead of
decreaoin" as that of tailless .airplanes with swept-back
wings us 1all' does,

3+ Power caused a slight redACtlon in *he longitudinal
stabllity Wbaou.od at constant power, This-reduction in
stability, however, did not affect the longitudinal stead-
iness of the model in flight tests.

li, The model did not show the tendency to trim at very

. high angles of attack (above the stall) that has been a

characteristic of some¢ swept-back tailless airplanes,

5. The lateral flight cheracteristics of the model
with ‘both vertical talls installed were good. ' The.direc-
tional stability of the model was satisfdctory and was
improved by the application of power, The effective

vdthdTal was QdSlPule .small and was not appreciably

affected by power.,
.The control surfaces of the model provided ade-

quate long;tualnal and lateral control,

Langley Memorial Aeronautical Laboratory
‘National Advisory Committee for Aeronautics
Langley Fleld, Vas
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TABLE I

FORCE TESTS OF STRAIGHT-WING, TAILLESS MODEL
IN THE LANGLEY FREE-FLIGHT TUNNEL

(-] Sa
a 13 e R
Type of data Configuration Power (deg) (deg) (deg) (deg) Figure
Crs Cpe Cp W off Range 0 0 0 9
against a
DOmewmenn= F --=d0=== | --=40--- 0 cncmcse | amcaces 9
DO-=emm=e= WF ===d0=== | --=do=-= 0 0 0 9
DO-eemece= WFPVV, T, = 0 ==~d0~== 0 0 0 9
DO-memm=a= WFPV1Vp T, =0 ~==dO==a 0 0, -15 0 10512
PoEsan= e WFPV,V, 1200 bhp| =-=do--- 0 0, -15 0 10, 12
) Chs Cys Cy F off 8 Range 0 0 13
agalnst y
PoEss o WF =~=do=== ) ~<=do--- ] 0 13, 15
DOmm=mmm== WFP Wind- 5 ~==do=e= 0 0 13, 15
milling
{1 P PR WFPVy wcsedOe=s 5 weedQme= 0 0 13, 19
DO=e~—maa= WFPV,V, ~==d0=== 5 c==do=~= 0 0 13, 15
DOmmmmmm== WFPV,V, ~==do-=~ 12 ~==do=-= 0 0 13
s owenes WFP wvadOees 5 (10 0 0 U
DOm=emm==- WFP 1200 bhp 5 ===do=o~ 0 (o] 1
DOR et n WFPV,V, T, = 0 5 --~do=-= 0 0 1, 15
POt WFPV,V, 1200 bhp 5 SR, [ 0 0 i, 15
A DO===-emn= WFPVyV, 2000 bhp 5 ~-~do==x 0 0 1015
Gy C WFPV,V Wind- s 8,12 0 0 Range 16
¥ "n 1%2 mi1ling
against °‘R
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Figure l.- System of stability axes. Arrows indicate positive direction
of moments and forces.
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Figure 2.- Test section of
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Langley free-flight tunnel showing model in flight.
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Flgure 3.— Drawnmg ONEScak stramht-wing, falless fighter mode/ festad 1 the Lapgrey

Tree—flight Funrel.
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Figure 4.-
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Plan view of straight-wing,

Langley free-flight tunnel.

tailless fighter model tested in the
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Figure 5,-
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Front view of straight-wing,

Langley free-flight tunnel.

tailless fighter model tested in the
CONFIDENTIAL
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Figure 6.~
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Side view of straight-wing, tailless fighter model tested in
the Langley free-flight tunnel.

CONFIDENTI AL

*ON ¥DV VOVN

GOMG'T

QB-‘[\H

9






CONFIDENTIAL 2
/0 S
e
08 // P
s &
< A /\?
Q
N a i
g / RS
e
§ 4 / //
U
R // /
L vl o
/ / NATIONAL ADVISORY
/ / COMMITTEE FOR AERONAUTICS
- :é/ CONFIDENTIAL

0 e 4 0 8 A4 re
Lift coefficient, C,

figure 7.- Curves of thrust coefficient aganst /ift coelficient
for the strapht-wing , talless +ighter model tested 1n +he
Langley +ree-+light tunnel. :
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Figure &.- Model moun

ted on free-t
Model is free
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o-trim stand in Langley 15-foot free-spinning tunnel.
to pitch at center of gravity.
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Figure 9. - Aerodynaimic  characteristics of Stramght-wing , tailess Agier
mode/ and 1fs component parts fested i lLangley 77eé-111gh! Funne/.
Center-of-gravity focation, O.20MAC. ; q,4.09 pounds per
Square foo? . NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS



Fig. 10 NACA ACR No. L5KO5
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Fgure 10.—Effect of power on Jlong/tudinal characteristcs of
Straight-wing , failless  #ighter model tested 0 langley #ee- Hight
tunncl.  center-or- qraw/g location, O.048 & above Hirust
we and at 0.20MA.C.;q, 409 pounds per sqguare

foof . NATIONAL ADVISORY
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A 30—\
1200 bhp
(@) ACy, caused by propeller rormal Force .
1200 bhp e
b) AC,,, caused by propeller thrust.
C
Measured (cata from fig. /0)—__ ;a_/fffiajig \
O 3 4 6 8 /0

LiFf coefficient, C,
(c ) Jotal ACy,, caused by qoerating propel//er;
/RO0 broke horsspowers. NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
Figure 11.- £ffect of propeller forces on #e /lorng! -

tudinal stability of Fhe Sstrawght-wing, tailless
fighter model fested 1 the Langley 7free -f719ht
tunnel. Center-of-gravity focation ,0.20 M.A.C.

and O.048 & above IrHrust ine.
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Fig. 12a,b NACA ACR No. L5KO5
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frgure /2~ Comparison of e effects of powver

for fwo cenler-of-Qravity /ocations. Data. from

resls of  stramght-wing, tailless #19hter rmode/ />

the Largley Free-F11ght Funne!. Center-of-gravity

locatron ,0.20 M.A.C.
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Frgure /3.— Lakeral stability characieristcs of Straght-wing
failless Fighter modkl fested /n Langley #ee-#1gh? #unnél.
q, 4.09 pounds per square root ; four-blade propeller.
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Fig. 14 NACA ACR No. L5KO5
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Flgure 14.- Ffrec? of power on /aferal stability charackeristics
of  Straight-wing , ralless fighter model  ested 10 1he
largley free-flight fwwmel. X< 5°; C,=0.5.
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.00/2
@?-WF/OV, Y, , 2000 bhp
.Co/0
@ WEPV,V, ; 1200 bhp
0008
@ wrpy, v,
5 Propeller wirndrrl

B or de =0 m

0006
: \
bl E;] WFPV, ; propeller widrml/ing
0002, XL
Q(Wf P, propeller windmitling
o —
\ NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
ZiXWF ; power off
~.0002 bbb
0 ane, Q4- NE 38 ) 19095 Qo/0
- C)ﬁ

Frgure /5. - Values of laferal- stability parameters C,
and C, for various configurations of #ie straight-
wing ) failless Hohter rmode/ fested i fhe Llang/ey
frec~flight #unnel. CONFIDENTIAL
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