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XF5U-1 AIRPLANE

By Roy H. Lange, Bennie W. Cocks, Jr.,and
thony J. Proterra

SUMMARY

The results of an investigation of a 1/3-scale model of the
Chance Vought XF5U-1 airplans in the Langley full-scale tunnel are
presented in this report. The maximum 1ift and stalling charac-
teristics of several model configurations, the longitudinal stability
characteristics of the model, and the effectiveness of the control
surfaces were determined with the propellers removed. The pro-
pulsive characteristics, the effsct of propeller operation on the
lift, and the static thrust of the model propellers were determined
at several propeller-blads angles.

The results with the propellers removed showed that the
meximum 1ift coefficient of the complste model configuration was
only 0.97 as compared with the value of 1.3l for the modsl configura-
tion in which the engine-air ducts and canopy are removed. The
model with the propellers removed (normal center-of-gravity position)
has a positive static margin, stick fixed, verying from 5 to 13 per-
cent of the mean aerodynamic chord throughout the unstalled range
of 1lift coefficients, The unit horizontal tail is sufficiently
powerful to trim the airplane with the propellers removed throughout
the unstalled range of 1lift coefficients.

The pecak propulsive efficiencies for B = 20° and B = 30°
were increased T percent at Cp = 0.67 and 20 percent at Cp = 0.7k,

respectively, with the propellers rotating upward in the center than
with the propellers rotating downward in the center. Indications
are that the minimum forward-flight spsed of the airplane for

GLASSIFIGRTIUR CANGELLED




o

CONFIDENTIAL NACA RM No, L6I19

full-power operation at sea level will be about 90 miles per hour.
Decreasing the weight and increasing the power reduced this value

of minimum speed and there were no indications from the results of
a lower limit to the minimum speed.

INTRODUCT ION

At the request of the Bureau of Aeronautics, Navy Department,
an investigation has been conducted on a 1/3-scale model of the
Chance Vought XF5U-1 airplane in the Langley full-scale tunnel.
This airplane is of unconventional design with an almost circular
plan form. Very large diameter articulated propellers are located
at the wing tips. A unit horizontal tail is used to obtain both
longitudinal and lateral control.

Tests were made of the V-173 airplane (reference 1), which is
a prototype of the XF5U-1, to determine the propulsive and the
stability and control characteristics of this unconventional design
in the low angle-of-attack range. The XF5U-1 airplane is expected
to assume attitudes approaching hovering and vertical descent as
a result of tie relatively large static thrust and large power
effects on 1ift., The present investigation in the Langley full-
scale tunnel was, therefore, chiefly for the purpose of determining
the longitudinael stability and the performance of the airplane in
the very high angle-of-attack range.

It was planmed to make tests with the propellers removed and
with the propellers operating so that the effects of propeller opera-
tion might be determined. The tests of the model with the propellers
removed included measurements to determine the longitudinal stability,
the maximum 1ift end stalling characteristics of several model con-
figurations, and the effectiveness of the ailavators and the rudders.
Only a small part of the propellers-operating test program was
completed when testing was terminated by the failure and complete
destruction of one of the model propellers. The tests with the
propellers operating were made at several propeller-blade angles and
included measurements to determine the propulsive characteristics,
the effect of propeller operaticn on the maximum lift, and the
static thrust of the model propellers. The data obtained with the
propellers operating were limited and were insufficient to dcter-
mine completely the stability and performance of the airplanc.,
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NACA RM No. L6I19 CONFIDENTIAL . 3
COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coef-
ficients of forces and moments. Rolling-, yawing-, and pitching-
moment coefficients are given about a center-of-gravity position
located on the root chord and 26,3 percent of the mean aerodynamic
chord aft of the leading edge of the wing root chord. The positive
directions of forces, of moments, of anguler displacements of the
model and control surfaces, and of hinge moments are given in
figure 1.

cr 1ift coefficient (L/qé)

Cp drag coefficient (D/gS)

Cpy pitching-moment coefficient (M/gSc)
Cy rolling-moment coefficient (1/a5b)
Cp yawing-moment coefficient (N/qSb)
Cy lateral-force coefficient (Y/qS)

Ch hings-moment coefricient (H/qb's2)
C, power coefficient (P/pn3D2) 4

cTe effective thrust coefficisnt (Te/pneDh)
Cq torque coefficient (Q/on2D7)

Qe torque coefficient (Q/2qD3)

Cpg resultant drag coefficient (Dg/aS)

V/nD propeller advance-diameter ratio

L AifE
Y lateral force along axis

D drag of model with prppellérs removed or propeller diameter
(5.33 £t on model) .

o~

moments about wind axes
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hinge moment of control swurface
power input per propeller (2mQ)
torque per propeller

effective thrust per propeller (?3—252329

resultant drag with propellers opafating
free-stream dynemic pressure %pve

wing area (47.44k4 sq £t on model)

wing mean chord (S/b)

root-mean-square chord of a control surface back of hinge
line

wing span (7.777 £t on modsl)
control-surface span along hinge line
airspeed

propeller rotational speed

angle of attack of thrust axis relative to free-strecam
direction, degroes

mass density of air

control-gurface deflsction, degrees
right ailavator tab deflection, degrecs:
left ailavator tab defloction, degrces

propeller-blade angle at 0.75 radius, degrees

. mean aerodynamic chord (6.61 ft on model)

C
propulsive efficiency 20 ¥
Cp nD
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Subscripts:

a ailavator (ailéron or elevator)
r rudd;r | |

£  flap

T ten

a4 uﬁqérréctadA

t  tail
MODEL AND EQUIPMENT

The 1/3-scale model of the XF5U-1 airplans was supplied by
Chance Vought Aircraft. The general arrangement and geometric
characteristics of the model are given in figure 2. Control-
swface data are given in table I.

The modsl is powered by a 200-horsepower, water-cooled,
electric induction motor. Power is transmitted from the motor to
the propellers by means of extension shafts through right-angle gear
boxes of the wing tips. The propeller installation at each wing tip
consists of 2 two-blade propellers mounted in tandem so as to form
a four-blade configuration. These tandem propellsrs rotate in the
same direction with the propellers at esach wing tip rotating upward
at the wing center section.

The propeller blades .are free to flap fore or aft 10° from the
perpendicular to the propeller axis as they rotate. The blades of
each propeller are so interconnected that as one blade flaps forward
the opposite blade flaps aft. In addition, as & blade flaps forward,
the hub mechanism causes the pitch to decrease and as the blads '
flaps aft the pitch is increased, This load-relieving mechanism
was found to be necessary by the airplans designer in his enalyses
from considerations of propeller stability, blade loads, and
uniformity of disc-thrust loading.

The propeller torque was determined from calibration curves
of motor torgue as a function of minimum input current to the motor.
The propeller-rotational speed was measured by & condenser-type
tachometer. ' :

CONF IDENTIAL
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The movable control surfaces on the model were hydraulically
actuated by remote control. Electrical position indicators and
strain gages measured control-surface deflections and hinge moments,
respectively.

Two model-gupport arrangements were used in the tests. The
original cantilever strut support was attached to the model at the
left wing tip. (See fig. 3.) A revised support was attached to
the model on the under side of the wing at the wing semispan during
the tests to avoid the large interference effects that were found
to be caused by the original wing-tip support. Both supports were
located 21.6 percent of the mean aerodynamic chord aft of the
leading edge of the wing root chord. The results given throughout
this report are for the model with the semispan support unless
otherwise specified. The model was mounted vertically in the tunnel
in order to obtain an unlimited range of angle of attack and to
minimize Jjet-boundary effects, The value of the correction factor
used. in the Jet-boundary-corrsction eguations as determined from
figure 4 of reference 2 was -0.13.

The Langley full-scale tunnel and balance system are described
in reference 3.

METHODS AND TESTS

Force tests wers mads of the model for a range of angles of
attack of from -19° to 90°, Except whers noted, the tests were
made at a tunficl airspecd of approximately 87 miles per hour,
corresponding to a Reynolds number of approximately 5,380,000 based
on the mean aerodynamic chord of 6,61 feet. These tests were maede
for both the basic-model and the complets-model configurations
(figs. 4 and 3, respectively). As shown, the basic model differs
from the complste model in that the canopy and engine air ducts
are removed.,

Force tests and tuft observations were initially made of the
model in the basic and complste configurations with the propellers
removed and all control surfaces neutral., Tests of the complete
model configuration with propellers removed revealed promaturc
separation at the wing center section, rssulting in low valuss

of C; . In an attempt to increase the C of the model,
nax Lmax

the several modifications listed in table II and shown in fig-

ures 5 through 10 were made. Tests of these modifications included
1ift measurements and tuft observations for a range of angles of
attack in the region of the stall only.
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Control effectiveness and hinge moments were determined for
the ailavators acting as elsvators and ailerons, for the stability
flaps, and for the rudders for' the model with the propellers removed
and at zero yaw. The effectiveness of the ailavator tab was also
determined. Hinge moments of the control surfaces were determined
on the right side of the model only.

Elevator-effectiveness tests were made in the region of longi-
tudinal trim for a wide range of angles of attack. For angles of
attack greater than 24° the elévators were deflected only over a .
small range near maximum negative deflection. The aileron effec-
tiveness was determined by first deflecting both left and right
ailavators to the approximate position for longitudinal trim at
each angle: of attack.. With the left aillavator fixed at the. settlng
for longitudinal trim, the right ailavator was deflected *15° from
this trim position. The vffectiveness’ of the stability flap and
the rudder was determined over a large range . of flap and rudder
deflections with the allavators set &t the approximate dbflectLon
for longitudinal trim at each anglu of attack. :

Force tests were -made ‘with the model in the. ba51c conflguration
with the propellers operating at B = 20° and B = 30° to determine
the propulsive characteristics for a large angls-of-attack range.

To obtain data over the complete V/nD range of the propellers,
tests were made as follows 'for each angle of attack: first, with the
propellers set at the maximum rpm as limited Dby . the availablestorqus,
the tunnel airspeed was' varied in steps from Zero to approximately

87 miles per hour; second, with the tunnel airspeed held constant

at approximately 87 mllGS per hour, the propeller speed was increased
from the wlndmllling to- the maximm speed in increments of 100 rpm.

The aerodynamic characteristics of the model with the pro—
pellers operating at blade angles of 10°, 11.5°, and 14° were
detcrmlnod from force tests at angles. of attack ranging from 3°.
to 84°, The purpose of these ‘tests was to.choose optimum propeller- -
blade angles for simuleting the propellér-operating conditions.of:
the airplens in,the very high angle-of-attack range. For these
tests the propellers were opsrated through a V/nD range. suff¢c1cnt
only to obtain an intersectien  of the model Qc versus - Cr-curve -

at constant angle of attack with the airplane Qg versus Cy, curve

for full‘powcr operation. (Sev fig. 1l.) The curves of figure 11
were furhished bJ the contractor.

The static thrust of the model. propellers was dutermlned from
téests at blade angles of 10°, 11.5°, and 14° gt an angls of attack
of 90 and from tests at a blade angle of 20 "at an angle' of attack
of 7h° with the model surnortod at the wing tip. At each blade angls,
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measurements were made for the conditions of maximum propeller rpm
as limited by the available torque and zero tunnel airspeed.

RESULTS AND DISCUSSION

The data have been corrected:for balance alinemsnt, blocking,
and. Jet-boundary effects. Tare corrections were applied to the
propellers-removed drag data only.

The presentation of the te t results and the analysis of the
data have been grouped into two main sections. .The first section
gives the results of the propellers removed investigations to ‘
determine the maximum 1ift and stalling characteristice of the model
the longitudinal stebility characteristics of the model, and the
effectiveness of the control surfaces. The second uuctlon gives
the results of propeller-operating investigations of the propulsive
characteristics of the model-propellers combination, the static
thrust of the model propecllers, and the meximum 1ifte obtainable
for simulated flight conditions.

Results with Propellers Removed.

M@;lmum_;;ft and stalling characterlstlcs.- The results of
the meximum lift and stall tests are presented in figures 12
through 14 and the test data arc swmarized in table II. Photo-
graphs of wool tufts, placed at frequent intervals on the upper
wing surface, to show the disposition of the air flow over the model
at several angles of attack are shown in figure 15 for the basgic-
model and.complete~model configurations.

With the model in the complete configuration (fig. 12) the
maxlmum lift coefficient obtained was 0.97 at an angle of attack
of 3L . Tuft observations indicated that premature stall probably
occurred from disturbances Just aft of the canopy and in the rogion
of the engino air ducts. (See fig. 15(a)) As a rosult, several
modifications to the canopy and the snginc air ducts were tested in
an attempt to delay premature stalling at these locations. Opening
the canopy, installing fillsts around the engine air ducts, and
unsealing the engine-air outlets did not change the value of Cj .

(sce table IL.) Increases in cha of 0.06 and 0.08, respectively,

were obtained by extending the canopy afterbody as shown in figure 6
and by installing extended spinners in the engine air ducts as shown
in figure 8. Details of the extended spinner installation are shown
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in figure 9. Removing the engine airrducts and fairings inéreased
the CLmak( of the model by 0.22 over that for the complete model
configuration. It should be pointed out that the cooling fans to

be used on the airplane in the engine air ducts were not duplicated
on the model. Tests With'onlyiﬁhe canopy removed increased the-GLmax

by 0.07. A maximum lift coefficient of 1.3l was obtained for the
model in the basic model configuration. (See fig. 1k.) Tuft . . .
gtudies indicated that the air flow over the model in the basic
conflguration was smooth and that no appreciable disturbances
‘occurred even in the region of the propeller nacelle-wing juncture
up to the angle of stall, (See fig. 15(b))

Static- longitudinal stability tests.- The varvatlons of Cp,
QL, and Cp with allavator deflection B, for the complete

model configuration are shown in figures 16 through 19. From these
igures, curves were obtained to show the variations of
/D and dCh VEER with Cp and are given in
%) Cy=0 \ ) g =0 s
figure 20. The ailavator effectiveness OC /B ‘is approximately
constant and equal to -0.0052 throughtout the llft coefficient range
from O to 0.8. Ths slope 8Cha/6 varies from approximately O

to -0.011 for a CL rangs of from O to 0.5.. There is a reversal of

slope in the rangs between CL = 0.5 and CL =

As an indication of the static longitudinal stebility of the
complete model configuration with the propellers removed, curves
showing the variations of Cp with C;, for constant allavator

settings are given in figure 21. The values of OC u/SCr near the

Trim indicate that the airplane will be longltud nalLy stable for
the llft coefficient rangp from O to 0.63.

To show more claarly the static longitudinal stability charac-
teristics of the airplane, the fore and aft locations of the, stick-
fixed neutral point havs been computed’ by method 1 of reference 4
and are presented in figure 22. ‘These results show that for the
normal center-of -gravity location the airplanc with propellers
removed will have a positive static margin varying from 5 to 13 per-
cent of the mean asrodynamic chord throughout the unstalled range

of lift coefficients.

The magnitude of the ailavator deflections required to.trim the
airplans for lift coefficients up to the stall has been plotted 1n
figure 23. This curve was obtained by cross plotting for C

the results of the ailavator-effectivencss tests given in
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figures 16 to 19, The results of figure 23 show that the airplane
with propcller removed can be trimmed by means of the unit hori-
zontal tail for all lift coefficients up to Cp = 0.72.

~ As an indication of the stick-freec longitudinal stability
‘characteristics of thc airplanc, the variation of Cp with Cp

for Cha = 0 is presented in figure 24 for the complete model

configuration.. Although the date arc rather limited, these results
indicate that the stick-free stability will be crratic over most |
of the lift coeifficient renge investigated and will be unstable at
very low 1ift coefficicnts (below about 0.,1).

Effect of unit horizontal tail.- The effect of the unit hori-
zontal tail on the acrodynamic characteristics of the basgic model
are shown in figure 25. The horizontal tail, at zero incidence,
contributes an increments of about 0.18 to the moximum lift coof-
ficient of the model, As shown by the pitching-moment curve the
modsl with the horizontal tail removed is unstable botween a = 0°
end 12° and bocomes stablc at angles of attack greater than 12°,

The corntribution of the unit horizontal tail- to thec long¢tud1nal
gtability of the basic model is shown in figurc 26 by the increment
in model pitching-moment coefficient provided by the tail plotted
_against angle of attack, The valus of 0ACy /am is about -0.0059

between « = 0° eapd 12° and decreases to about -0.0022 for angles
of attock greater than 12°, This decreasc in slope at the highet
angles of attack is probably due to the stalling of the horizontal
tail.

Ailevator-tab Gf;uct Lveness.- The results of the tab tests,
which' are presented in fl*urus 27 through 30, show the effects of
tab deflection on the variations of Cha’ Cps Cy, and Cp with

ellovator deflection for 'thive angles of attack (a = -0.6°, 11.3°
23.2%), The tab hings-moment parameter BCh /Db remzins

essentially constant with ailavator dbfl@bulﬁn but incrcases
negotively from -0.0033 at’ @ = -0,6° to -0.0045 at @ = 23.29,
(Sec fig. 27.) A decrcase in the model pitching-moment coefficient
of about -0.0005 per degrce change in tab deflection was moasured.
(See fig. 28.) This decrcase in pitching<moment coefficient did
not change appreciably with angle of attack ar ailavator deflection,
The results of figuree 29 and 30 show that tab deflcction had no
appreciable offoct on the lift and the drag of the model.

Stability-flap effectivencss.- The résults of the flap tests
presented in figures 31 through 34 show the variations with flap
deflection of Cm, Chf, CL, and Cp. The main purpose of the
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stability flap is to trim out the adverse or stalling pitching
moment due to propeller operation. The flap effectiveness BCm/dﬁf

increased negatively with angle of attack up to a = 23.2° and
thereafter remained approximately constant until the stall,

(See fig. 31.) A decrease in the basic model pitching-moment
coefficient of about -0.0017 per degree change in flap deflection
was measured at « = -0.6° and this value increased to about -0,0026
at o = 23.2°, The value of achf/aaf at small flap deflections,

increased with angle of attack (fig. 32) from about zero at
a = -0.6" to about -0.0019 at o = 35.2°, The value of achf/aaf

increased rapidly, in the negative direction, for large positive
flap deflections., The effects of flap deflection on the 1lif't
coefficient were comparatively small. A maximum increase in 1lift
coefficient of only 0.12 (at @ = 11.3°) was measured for full
positive flap deflection. (See fig. 33.)

Aileron effectivensss.- The results of the ailerog tegts gre
given in figures 35 and 36 for engles of attack of -0.6%, 11.3°,
and 23.2°. The aileron effectiveness BCI/GSQR with only one

ailavator deflected, increased slightly from about -0.0018 at
a =-0.6° to about -0.0022 at « = 23.2°, (See fig. 35.) The
values of GCha/BBaR wers small and about zero for conditions

other than those in which it appears that the ailavator was stalled.
At @ = -0.6° it appears that the control surface might be
overbalanced.

Rudder effectiveness.- The results of the rudder tests are
given in figures 37 and 38 for angles of attack of -0.6°, 11.3°,
and 23.2°. The rudder parameters, dC,/d8., OCy/dB,,

and BChr/Bar increased with angle of attack; so that for an
angle-of -attack range of -0.6° to 23,25 /30, increased slightly
from about -0.0010 to about -0,0012, aCY/BEr increased from

about 0.0019 tc ebout 0.0026, end dCp /33, increased from

about -0.0042 to about -0.0078. Rudder deflection appears to have
a large effect on the rolling moment of the model., (See fig. 37.)
An average changs in the model rolling-moment coefficient of ?
about =-0,0007 per degree change in rudder deflection was measured.

Results with Propellers Operating

Propulsive characteristics.- The design of the XF5U-1 airplane
was based on the premise that the asrodynemic characteristics of
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the low-aspect-ratio wing couvld approach those of a high-aspect-
ratio wing by the addition of large-diameter propellers located at
the wing tips and rotating in opposite direction to the tip
vortices, In this manncr the eicrgy of the tip vorticity would

be partially counteracted by the rotetional ensrgy of the pro-
peller slipstream. With the propellers rotating upward in the
center, the lift vector is inclined forward because of the added
upwvash due to slipstream rotation and thus the induced drag of the
wing is decreased. (See reference 1.)

. For these tests, the effecﬁ of propeller operation have been
determined by an evaluation of the propulsive efficiency, expressed
(p - Dy YV B L u§
u
n = .....’._..._,,ud}.. in which (i"..._..__..
. e
propeller and D, and DRu are the propellers-removed drag and

is the propulsive thrust per

the resultant drag with propellers operaeting (measured at the
same lift coefficient), respectively. The propulsive efficiency
thus includes any effect of propeller opsration on the 1lift and
the drag. The resulis of tests made to determine the propulsive
PIflciency of the model at angles of attack of =0,5% 5.U4°,
and 11.4% for B = 200 and at -0.6%, 5.3°, and 11.30 for B = 30°
are presented in figure 39. The peak propu181ve eff401ency of the
present progellor installation on the XF5U-1 airplane at = -0,6°
and B = is Q.75 (fig. 39(c)); whereas, for the propeJler
tallation on the V-173 airplane for the same condition (fig. 20
of reference 1) a value of O.9h was obtained. This difference in

propulsive officiency is probably due to the differences in the two ¥

propellers.

The results of figure 39 show:an increass in the effsctive
thrust coefficient and vropulsive efficiency with angle of attack,
ag cxpected. AU zero angle of attack, the 1lif't coefficient and,
therefore, the induced drag are approximately zero and the effect
of the glipstream rotetion will be small. As the angls of attack
is increassd, however, the down flow at the wing due to the tip
vorticity is partlally of fset by the up flow due to the slipstream
rotation of the propeller; also the propellers begln to contribute
a considerable vertical force that increases the total lift. These
effects both tend to reduce the induced drag of the wing and to
increase the propulsive efficiency of the airplane-propellers com-
bination. Further increases in angle of attack and power result
in the propellers carrying directly more and moxc of the total 1lift.

The results of tests made to determine the effects of direction
of propellsr rotation on the propulsive characteristica of the model
arc given in figure 4O for B = 20° and B = 30°. The tests were
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made at negative as well ag positive angles of attack for the same
propeller rotation inasmuch as at negative angles of attack the
rotation of the propeller slipstrcam with respect to the rotation of
the tip vortices is effectively reversed since the wing is sym-
metrical. The results of the tests show T percent greater peak
propulslvc efficiency at the positive angle of attack for B = 20°
at Cp, ¥ 0.67 and 20 percent greater for B = 30° at Cp = 0.7k.

The lerger increase for B = 30° is probebly because the rotation
of the slipstream is greater for B = 30 than for B = 20° ovor
the V/nD range investigated thus counteracting a greater per-
centage of the induced drag.

Static thrust tests.- The results of tests made to determine
the static thrust obtainable with scveral propeller blade angles
are presented in Ffigure 41. The propeller blade angle for maximum
stdtic thrust can be obteined from the curve of CTG/CQ plotted

against propeller blade angle. The optimum propeller blade dngleA
for static thrust is 11.5° where the ratio Cp [Cy is a ma.ximum

(g foq = 17.5).

Effects of propeller operation_gp 1lift.~- The effects-of pro- .
peller operation on the lift of the model are presented in figure 42
at angles of attack ranglng from about 0° to 30°. At angles of
attack of -0.5° and -0.6° for propeller blade angles of 20° and 30°,
respectively, increases in C;, amounting to between 0.2 and 0.3
were measured for the V/nD ranges investigated. Thls_change in
lift coefficient is caused principally by the changs in the local
angles of attack of the wing induced by slipstream rotation.

As the angle of attack is increased the change in 1lift coef-
ficient at a given V/nD increases. Calculations showed that
about one-third to one-half of the total increase in 1ift due to
propeller operation &t the high angles of attack results from the
1lift component of ‘the propeller resultant force. Most of remaining
increase is attributed to the 1nc;eased sllpstream velocity over
the wing.

The results of tests made of the.basic model configuration for
angles of attack of from 39 to 8yo w1th the progellers operating .
at blade anglss of 10°, 11.5°, J.uo 20°, and 30° are given in -
figure 43. Additional data. for a proppller blade angle of 20°
with the model mounted on the wing-tlp support are given in.fig-
ure L4, These curves give the variation of Cf, Cpg, and V/nD

with Qc which were usedin the determination of the maximum 1lift
coefficient of the airplane with the propellers operating. The
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tests at very high angles of attack wore mads only with & propeller
blade angle of 11,5°, inasmuch as proliminary check tests indicated
this setting to be optimum for the static-thrust condition..

Curves for the XF)U-l airplane of Q Versus CL for both

full-power operation (1200 bhp at 1085 rpm) and 115 percent full-
power operation (1380 bhp at 1085 rpm) are included on fig-

ures 43(a), 43(f), and 43(i) in order to determine pointe of
simulation of aLrnlan& Q. from modsl test data. The . 1ntersectlon
of the airplane curve with the model data rcpresenta this simula-
tion for a particuler blads engle &s chown by the ticks on fig-

ures 43(a), 43(f), and 43(i). The points of intersection determined
from figurces 43 anﬂ Lh will be used later in the determination of
the maximum 1lift cocfficient of the airplane with propellers
operating.

Inasmuch as the effects of propeller operation on the lift of
ths subject airplanc ere large, especially at the higher-angles of
attack, the determination of the propellers-oporating 1lift curve
requ1rud the duplication of the correct blade angle and advance
ratio in addition to the torqus coefficicnt. The process used in
the determination of the propsllers-operating lift curve for. fu¢l—
power opsration at sea level is as follows: from the 1ntprsections
of ths airplenc curve with the model curves of figures 43 and Lk,
curves of @ versus Cp and V/nD versus C; were plotted for
the several bl&dy angles as shown in figure 45, ' Superimposcd on
these constant-blade angls curves, which duplicate the required
airplane torque coefficients, is the variation of V/nD with QL
of the airplane for full-power operation, The interscction of the
model  V/uD versus C; curve for a particular blade engle with

the airplane V/nD versus C; curve give a point at which airplene
torqus coefficient, blade angle, and V/nD arc duplicated. Those
intersections are noted by the ticks on figure 45. The airplanc
1ift curve for full-power operation can be traced by & line through
the ticks on the a versus C; curves of figure %

The peaks of the a versus C;, curves of figure 45 determine
the maximum-1ift coefficient obtainable at a particular blade angle -
for full-power operation., The simulation point for f = 14°  occurs.
at the peak of the 1lift curve; therefcre, the maximum lift coef-
ficient for full-power operation should be 1.90 at @ = 29,2°
which corresponds to a minimum £light speed of about 90 miles per houn

The indicated higher maximmm 1ift coefficient of the airplanc
for a propeller blade angle of 11,5° (fig. 45) was not attained
with the present rated power (1200 bhp at 1085 rpm) and weight
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(156,750 1b) of the XF5U-1 airplane. A few calculations were made
to determine the required:changes in the alrplane ba81c paremesters
that would enable the airplane to fly on the B = 11.5 curve,
It was first desired to change the airplane weight whlle
maintazning the normal rated power of the alrplane. Calculations
showed that a flight-simulation point for B = 11. 50 at Cg, = 3.0

(fig. 46) at @ = 46.7° could be atteined by decreasing the
airplane weight by 14.2 percent. This 1lift cosfficient corresponded
to a minimum speed of about 72 miles per hour., = It was next desired
to make changes in both the power and weight. As shown in figure U6
‘the maximum lift coefficient could be increased to 8.9 at o = 51,5°
for - B-=11.5° by increasing the power 15 _percent (1380 bhp at

1085 rpm) and by decreasing the woight 23.6 percent., A 1lift coef-
ficient of 8,9 CorToSUOﬂdS to a minimum flight speed of about

¥ milos per hour:-

In ‘order to obtain additional information concerning the
performanc» of L“e airplane in the very high angle-of-attack range
(e = 42° to 72°), en analysis was made of the power that would
be requ1red to malntaln unaccelerated level flight (as aefined by &
point where CDR Curves showing the variation of Cpp, GQg,

@, and V/nD with cL for B = 11.5° in the region of G, # 0

only arée presented in figure 47. (Some of these data are a repeti-
tion of the data of fig, 43.) Calculations of tha power required

‘were made based on the values ootalned at CDR and the

veriation of horsepower required (ner propeller), Cr,s V/nD, and a

with forward flight speced V calculated on this basis are shown
in figurc 48, For the aspsed range investigated the horsepower
required psr-propeller increases from about 1290 horsepower at:
Cy, = 2,40 to 1690 horsepower at Cp = 10.75. (See fig. 4B.) This

increase in horscpower is from 8 to 41 percent greater than the
1®rnmi.raLud horsepower of the XF5U-1 airplane. As .ghown in fig-
ure - 48, - the minimum forward fligat speed of the airplene (for normal
gross velgnt)for level flight is about- 3b miles per hour, based on
the 1ift coefficient of 10.75 at @ = 09 Calculations indicated
that an increase in the propeller-rotational speed of about 10 per-
cent would be required throughout the speed range investigated. The
need for this increase in propeller-rotational speed could prcobably
be eliminated by changing the propeller blade angle slightly.

CONCLUSIONS
The resuits of an investigation of a 1/3 scale model aof the
Chance Vought XF5U-1 airplene in the Lengley full-scale tunnsl
showed the following: ’
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1. Barly air-flow scparation at the wing center section was
- caused by mutual interference effects of tho engine air-duct
ingtallations and in uprigit canopy on the wing. As a result,

the comparatively low value of maximuwm 1ift cocfficient of O. j"
was ‘moasured for the complste mod >l configuration with The pro-
pellers removed. With the engine air ducts and .canopy rbmovud a
wmaximum lift coefficient of 1l.31 was measgured. .

; 2. Installing extended spinners in the englnu'a r ducts and
qxtend1ng the canopy aftoroody increased the maximum 1ift coeffi-
cient of the modcl with the propellors removed by 0. 08 and 0,06,
rcspectively, A

3. The model with the propellers_removed (normal‘oenter-of-
gravity location) has a positive static wargin, stick fixed,
varying from 5 to 13 percent of the mean acrodynamic chord through-
out the unstalled range of 1ift coefficients.

- . 4, The unit horizontal tail is sufficiently powerxﬁl to trim
the airplane with the propellers removed throughout. the unotalled
‘range of 1ift coefficients,

5. The effect of the wnit horizontal tail on the airplens
longitudinal stability, eas detsrmined by the slope of the curve of
tail pitching-moment coefficient against angle of attack aacmt/aa

dscrsased from about -0. 0059 at angles of &ut&bL up to lO to
about -0.0022 for engles of attack greater than 12°,

) 6 The peak propu151vv efficiency was 7 pexcent grea&er at
B = 20 at Cp = 0. 67 and 20 percent greater at B = at
Cy, = = 0.74%  with the propellers rotating upward in the center than

with the propellers rotating downward in the center,:

7. Propeller operation caused largs changes in the 1lift of
the model, especially at the higher angles of attack. Calculations
showed that about one-third to onec-half of the. total increase in
1ift due to propeller operation at the high angles of attack was
duws to the wvertical component of the thrust of the propellers.

8. Based on & maximum lift coefficient of 1.90, indications ere
that the minimum forward flight speed of the XF5U-1 airplanc having
a gross weight of 16,750 pounds for full-power operation at sea
level (1200 bhp at 1085 rpm) will be about 90 miles per hour.
Decreasing the airplane weight and increasing the power decreased
this velue of minimum speed, such that for 15 percent greater
vower and a 23.6 percent decrease in weight, the minimum speed
was about 42 miles per hour at o = 51.5°. The rosults did not
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indicate any limit to the minimum spesd provided the necessary
changes in power and weight could be made.
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TABLE I

MODEL COVTROL~SURFACE DATA

Trim-tab area, sq ft

0.68

Unit horizontal tail | Vertical tail | Rudder Flap
Arsa, sq ft 2.79 1.58 80.59 0.84
Spen, ft | 1.43 1.43 1.8
Root-mean-square chord, ft 1.01 by,38 | Po.57
Aspect ratio .95 1.29 3.91
Control deflection, deg 55 up 25 down goriggz’ 3gori§?§ 3éodg£5

®Areca aft of hinge line.
bChord aft of hinge line.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE II

INDEX OF MAXTMUM LIFT RESULTS

PROPELLERS REMOVED

C Reference
No. Model configuration
i Vnax figure
1l | Complete model 0.97 3y 12
2 | Seme ag 1 except canopy open e98 | cmmmmmmeeae
3 | Same as 2 except fillets installed 96 | mmmmmmm e
L | Same as 1 except engine air-duct inlets
sealed with bulbous fairings 2005 55 13
5 | Seme as 4 except extended canopy after-
body installed 1.13 6, 13
6 |Same as 1 except engine air outlets
unssaled L e
7 (Same as 1 except engine air ducts
removed 119 13
8 |Same as 3 except extended spinners
installed 1.04 17, 8, 9, 13
9 |Seme as 8 except upright canopy and
fillets removed 1eld 0213
10 |Basic model 131 4, 1k

NATIONAL ADVISCRY
COMMITTEE FOR AERONAUTICS
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‘FIGURE LEGENDS

Figure 1.- System of axes and control-surface hinge moments and
deflections. Positive values of forces, moments, and angles are
indicated by arrows. Positive values of tab deflections are in
the same directions as the positive values for ths control sur-
faces to which the tabs are attached. ‘

"Figure 2.- General arrangement and. geometrlc characteristics of a

1/3-scéle model of the Chance Vought XF5U-1 airplans. All
dimensions are given in feet.

Figuré 3.- The 1/3-scale model of the XF5U-1 airplane mounted for

" tests in the Langley full-scale ‘tunnel., Model in complete con-
figuration; propellers removed; wing-tip support.

Figure 4.- The 1/3-scalé model of the  XF5U-1-airplane mounted for
tosts in the Langley full-scale tunnel. Model in Dbasic con-
figuration; semispan support; propellers installed.

(&) Front view.

Figure U4.- Continued.

(b) Three-fourth rear view.

Figure 4.- Concluded.

(c) Slde view

Figure 5.- Details of configuration i showing engine-air-duct
inlets sealed with bulbous fairings. Propellers removed.

Figure 6.- Configuration 5 showing extended canopy afterbody
installed. Engine-air-duct inlets sealed; propellers removed.

Figure T.- Details of configuration 8 showing extended spinners
in engine-air- duuts, fillets, and open canopy. Propellers
removed.

Figure 8.— Arrangement of engine-air-duct installation at wing
leading edge. Spinners do not revolve in ducts.

Figure 9.- Details of the extended spinner installation. All
dimengions are given in inches.
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FIGURE LEGENDS - Continued

Figure 10.- Configuration 9 showing cenopy installation removed.
Extended spinners installed; propellers removed

Figure 11.- Variation of Cr, and V/nD with Q, of the
XF5U-1 airplans for full-power oporation at sea level.

Figure 12.- Variation of Cp, Cp, and Cp with « of a 1/3-scale
model of the XF5U-1 alrplane. Compleue model configuration;
propellers removed.

Figure 13.- Comparison of maximum 1ift coefficients obtained with
five model configurations. (Sce table II.) Propellers. removed.

Figure 14.- Variation of Cp, ©Op, and C, with a of a 1/3-scale
model of the XFSU-1 airplane. Basic model conflguratlon,
propellers removed.

Figure 15.- Tuft obssrvations on' the '1/3-scale model of the
X¥5U0-1 airplane, Propellers removed.

(a) Configuration 1.
Figure 15.- Concluded. , _
(b) Configuration 10.

Figure 16.- Variation of pitching-moment coefficient with ailavator
deflection. Model in complete configuration. BaTL = SaTR = B
Sr — OO; propellers removed; ¢ = 09,

Figure 17.- Variation of right-ailavator hinge-moment coefficient

with ailavator deflection, -Model in complete configuration;
BaTL = BaTR = 0% ®, = 0°; propellers removed; &g = 0°.

Figure 18.- Variation of;lift coefficient with ailavator deflection.

Model in complete configuration; SaTL . saTR = 0% 6., 0%, 8e; 0%

propellers removed.

Figure 19.- Variation of drag coefficient with ailavator deflection.
Model in complete configuration; SaT daq, = 09; 8,y 09
8¢, 0°; propeller removed. R
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FIGURE LEGENDS - -Continued -

% 38,

oC
Figure 20.- Variation of (bcm a.njd ( ha) A o B i
' ' CmFO S Ch Phe,
coefficient. Model in complete configuratlon, propellers romoved.

Figure 21. -‘VEriation of pitching-moment coeff101ent w1th llft coef -
ficient. Model in complete configuration; propellers removed.

Figure . 22.~ Variation of stick fixed neutral: points with 1lift coef-
ficient. Model in complete configuration; propellers removed.

Figure 23.- Variation of ailavator deflection required for trim with
1lifs- coefflclent Complete model configuration; propellers
removed. ‘s i ) : o :

Figure 24.- Varlation of pitching-moment cosfficient with 1lift
wcoefdeient.u'Ché‘= 0. Model in complete configuration;

propellers Temoved..

Fimwe 25, Vhation of Or, On, And C, with & of the model

with the horizontal tail installed and removed Basic model
conflguration, propellers removed ‘

Figure: 20.- Varlation of 1norement of pitch1ng~moment coefficient
due to horizontal tail with angle of attack: Basic model con-
figuration; propellers removed.

Figure 7 - The effect of right-allavator tab, settlng on the
variation of Chy, with Bg. " Model in basic configuration
SaTL = 09 8r = OO, propellers removed, Sp, 0°.

Figure 28 - The efiect of rlght-ailavator tab setting on the

variation of Cm with 6 Model in basic configuration;

BaTL = OO- Sr = 09 propellers removed, 3¢, o

Figure 29.- The effect of right- ailavator tab setting on the
variation of CL with 8 . Model in basic conliguretion,

Bapy, = 0% &, = 0% propellers removed 8p, 0°.

Figure 30.- The effect of right-ailavator tab setting on the
variation of Cp with 8. Model in basic configuration;

SaTL = 0%; 8, = 0% propellers removed; 8p, 0°.
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FIGURE LEGENDS - Continued

Figure 31.- Verlatlon of 'pitching-moment coefflclent with flap
deflectlon Model in basic configuration; aTL aTR
Sr = Q° ;5 propellers removed.

Figure 32.- Variation of right-flap hings-moment cosfficient with
flap deflection.  Model in basic: configuration; SaT = 8a$R = 0°;

Oy = 0°; propellers removed.

Figure 33.- Variation of 1ift. coeffleient w1th flap deflectlonr
Basic model configuration. =8y, =07; dp = 0°%; pro-
pellers removed aTL aTR

Figure 3%.- Variation- of arag coeff101ent w1th flap deflectlon.
Model in basic configuration; aT = QY =.0° 3
propellers removed. L &TR

Figure 35.- Variation of Cp,, C;, and Cy with right ailavator

deflection on a 1/3-scale model of the XF5U-1 airplane. Left
ailavator fixed; propellers removed, V 100 mph; Sr OO, basic
- model configuration. ) S .

Figurs 36.- Variation of Cr, Cp, and. G, with right ailavator
deflection on a 1/3-scale model of the XF5U-1 airplane. Left

allavator fixed; propellers. removed, ¥, 100. mph 8 = Q° 3 -basic:
- model -configuration. A .

Figure 37.- Variation of Ch s Cph, and -CZ with Sr on a
1/3<scale model of the XF5U-1 airplane. ‘ Propellers removed;
bagic model configuration; V, 100 mph. i

Figure 38.- Variation of Op, Cp, amd Cy with 8, ona
1/3-scale model of the XF5U-1 airplane. Propellers removed;
basic model configuration; V, 100 mph. ‘

Figure 39.- Typical curves showing propulsive characteristics.
Basio model configuration; ell control  surfaces neutral,

(a) Variation of C. with V/uD.

_ P
Figure 39.- Continued.
(b) Veriation of ' Cp with V/uD.
e
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FIGURE . LEGENDS - Continued

Figure 39.- Concluded.
(c) Variation of 7 with ' V/uD.

Figure 40.- Variation of Cy, Cp, and 1 with V/mD. Basic
mode l configuration, all control surfaces neutral; data for
B = 20° obtained with wing-tip support. . e
Figure 4l.- Variation of Cp, OCp, and. cTe/cQ with B of the
model propellers. Basic model configiration; V/nD, O; data for
B = 20 obtained with wing-tip support. e it B A

Figure L42.- Variation of C with V/nD Basic model configuration;
propellers operating; all control surfaces neutral; B = 20°
curves with wing-tip support. 7 S

Figure 43.- Variation of Cr,s 'CDR,“gnd*;V/nD with Q, for

several propeller blade angles. Basic model configuration; all. -
control surfaces neutral.

(o T SR Al

(a) @, 37
Figure 43.- Continued.

(v) uﬁ}‘6°{
Figure U43.- Continued.

(c) a,, 12°.
Figure 43.- Continued.

(a) %, s 150.
Figure L43.- Continued.

(e) s 219
Figure 43.- Continued.

(£) a,, 30°.
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FIGURE LEGENDS - Continued

Figure 43.- Continued. »
(8) ay, 36°.
Figure U43.- Continued. bt
(h) a,, 42°
Figur; 43. - Continued.
ab 10 BAY (1), 48°

Figure ‘43.- .Continued.

&

(4) @, 54°.

Figure 43.- Continued.

{k} -my; 608
Figure 43.- Continued.

(1) oy, 72°.
Figure 43.- Concluded.

(m) @, 8°,

Figure LL.- Variation of Cj, Cpy, &nd V/oD with Q, for

P = 20°, Basic model configuration; wing-tip gupport; all
control surfaces neutral.

(o]
() o), 5.
Figure u4k4.- Continued.
(8]
(b) @, 11.
Figure u4h4.- Continued.
(c) a,, 14°,
Figure U44.- Continued.
(a) @, 29°,
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FIGURE ILEGENDS - Concluded

Figure U4h4.- Continued.

() «,, 35°.
Figure 44.- Concluded.

(£) o, 447,

Pigure 45.- Curves used for the determination of flight propeller-
operating lift coefficients from model data. Model curves
duplicate airplane Q,, vs C for full-power operation; basic
model configuration; all controls nsutrel.

Figure 46,- Curves used for the determination of flight propeller-
operating 1lift coefficients from model data at B = 11.5°.
Bagsic model configuration; all controls neutral.

Figure U47.- Variation of Cpgr % @ end V/nD with Cp for

propeller operation at B = 11.5°, Basic model configuration;
all control surfaces neutral.

(a) @y, 42°.
Figure 47.- Continued.

(b) ay, 48°,
Figure 47.- Continued.

(c) oy, 5%
Figure 47.- Continued.

(d) a,, 60°.
Figure 47.- Concluded.

(e) SF) 720-

Figure U48.- Variation of HPpeqs Cr, V/oD, and o« with V

for level-flight conditions at B = 11.50. All control surfaces
neutral; normel gross weight.
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Relative wind
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Figure | .- System of axes and control-surface hinge moments
and deflections. ©Positlive values of forces, moments, and
angles are indicated by arrows. Posltive values of tab-
deflections are 1n the same directions as the positive
values for the controd surfaces to which the tabs are at-
tached.
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Figure2.- Gereral arrangement and geomefric characteristics
of a /3 -Scale model of the Chance Voughl XFSU-I airplane .
All dimensions are given in feer.
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Figure 3.- The —%——scale model of the XF5U-1 airplane mounted
for tests in the Langley full-scale tunnel. Model in complete

configuration; propellers removed; wing-tip support.
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(a) Front view.

1l
The —-scale model of the XF5U-1 airplane mounted
Model in basic

Figure 4.-
for tests in the Langley full-scale tunnel.

configuration; semispan support; propellers installed.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
= TWROTURY — LANGLEY FIELD. VA.
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(b)

Three-fourth rear view.

Figure 4.- Continued.
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(c) Side view.

Figure 4.- Concluded.
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(b) Three-quarter front view.

Figure 5.- Details of configuration 4 showing engine-air-duct
inlets sealed with bulbous fairings. Propellers removed.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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Figure 6.- Configuration 5 showing extended canopy afterbody

installed. Engine-air-duct inlets sealed;

‘ NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA

propellers removed.
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Figure 7.- Details of configuration 8 showing extended spinners
in engine-air-ducts, fillets, and open canopy. Propellers
removed.
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Plan view
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Side view
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Figure 8.- Arrangemen’ of ergme - amr-avc’
nstallariorn ar wing /eading edge.
Spinners do rnol revolve 1 auvc’s.
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Figure 10.- Configuration 9 showing canopy installation removed.
Extended spinners installed; propellers removed.
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(a) Configuration 1.

Figure 15.- Tuft observations on the —%——scale model of the

XF5U-1 airplane. Propellers removed.,
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA. CONFIDENTIAL
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(b) Configuration 10.
Figure 15.- Concluded.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA CON FIDEN TI AL
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