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NACA RM No. L6I19 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

for the 

Bureau of Aeronauti cs, Navy Department 

LANGLEY FULL-SCALE TUNNEL INVESTIGATION OF A 

1/3-SCALE MODEL OF THE CHANCE VOUGHT 

XF5U -1 AJ.IU>LANE 

By Roy ~. Lange, Bennie W. Cocke, Jr., and 
Anthony J. Proterra 

SUMMARY 

The results of ~ investigation of a 1/3-scale model of the 
Chance VQught XF5U-l a i rplans in the Laneley full-scale tunnel are 
presented in this report . The maximum lift and stalling charac
teristics of several.model cQnfigurations, the longitudinal etabili ty 
cbaracteristics of the model, and the effectiveness of the control 
surfaces were determined w.l th the propellers removed. The pro
pulsive characteristi cs, the effact of propeller operation on the 
l i ft, and the static tpIUst of the model propellers were determined 
at several propeller-blade angles. 

The results with the propellers removed shovTed that the 
maximum lift coefficient of the complete model confi gurat l on was 
only 0.97 as compared with the value of 1.31 for the model confi gura
tion in which the engine-air. ducts and canopy are removed. The 
model ~~th the propellers removed (normal center-of-gravity position) 
has a positive static margin, stick fixed, varying from 5 to 13 per
cent of the mean aerodynamic chord throughout the unstalled range 
of lift coeffi cients . The unit hori zontal tail is sufficiently 
powerful to trim the airplan..8 wt th the propellers removed throughout 
the uns~lled rru1~ of lift coeffic ients . 

The peak propuls'ive eff iciencies for f3 = 200 and f3 = 300 

were increased 7 percent at CL; 0.67 and 20 percent at ~ ~ 0.74, 

respectively, with the propellers rotating upward in the cen'rer than 
with the propellers rotating downward in the center. Indications 
are that the minimum forward-flight speed of the airplane for 
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full-power operation at sea level will be about 90 miles per hour. 
Decreas:i.ng the weight and increas ing the pO\,Ter reduced this value 
of mi nimum speed and there were no indlcations from the results of 
a l ower limit to the minimum speed. 

INTRODUCTION 

At the request of the Bureau of Aeronautics, Navy Department, 
an investigat~on has been conducted on a 1 / 3- 8cale model of the 
Chance Vought XF5U-l a i rplane i n the Langley full-scale turk~l. 
This a i rplane i s of unconventi onal deslgn wi th an almost circular 
plan form. Very large diameter articulated propellers are located 
at the ,.,ing t i ps . A unit horlzontal tail is used to obtain both 
l ongitudinal and lateral control. 

Tests were made of the V-173 airplane (reference 1), which is 
a pr ototype of the XF5U-l, to detenaine the propuls i ve and the 
stability and control character istics of this unconventional design 
in the low angle -of-attack range . The XF5U-l airplane is expected 
to assume attitudes approaching hover ing and vertical descent as 
a result of tile r el atjvely large static thrust and large power 
effects on l ift . The pr esent i nvestigation i n the Langley full
scale tunne l was, therefore, cll:i.efly for the purpose of determining 
the longitudinal stabilHy and the performance of the airplane in 
the ver y high angle - of-attack ran@e. 

It was planned to make tests wi th the pr opeller s r emoved and 
wi th tho propellers op8rati ng so t hat t ha effects of propeller opera
t i on might be de t ermi ned . Th0 t e sts of the model 1.,i th the propellers 
r emoved :: ncluded measurements to determin0 t he longi tudinal stab i lity, 
the maximum l ift and stalling cnaracter isticG of several model con
figurations , and the effectiveness of t he a i lavators and the rudders. 
Ollly a small par t of the propeller s-operating test program was 
comple t ed when testing was terminated by the f a i lure and compl ete 
destruction of one of the model propellers. The tests wi th the 
propellers operat ing were made at several propeller-blade angle s and 
i ncluded ~asurements to determine the propulsive charac ter~sti cs, 
the effect of propell er o:perattcn on the maximum l if t, and the 
static thrus t of the model propellers. The data obtained 1fith the 
prope ller s operating wer e l :i.mi tGd and wer e i nsuff i cient to d.cter
ml ne compl etely the stabili ty fuid performance of t ne air plane . 
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COEFFICIENTS AND SYMBOLS 

The results of the tests are presented as standard NACA coef
ficients of forces and moment s . Rolling-, y~wing-, 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 cldge of the ,.,ing root chord . The positive 
directions of forces, of moments, of angular displacements of the 
model and control surfaces, and of hinge moments are given in 
figure 1. 
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Cp 
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CQ 

Qc 

CDR 
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lift coefficient (L/qS) 

drag coeffici ent (D/qS) 

pi tChing-moment coeff i c ient (M/qSc) 

rolling-moment coeffic ient (l/qSb) 

yawing-moment coeffi c ient (N/qSb ) 

lateral-force coeffi c i ent (Y/qS) 

hi nge -moment coefI':i.cient (H/qb 1"62 ) 

po\>ler coeff i cient (p / pn3D5) 

effective t hrus t coeffic ient (Te/pn204) 

torque coeff i c i ent (Q/pn2D5) 

t orque coeffic ient (Q/2qD3) 

r esultant drag coef ficient (Dp./qS) 

propeller advance -di ame ter ratio 

lift 

lateral f orce along axis 

drag of model "Ti t h propeller s r emoved or propeller diameter 
(5.33 f t on model) 

moments about wi nd axe s 
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H hinge mom.ent of control surface 

P power input per propeller (2rr.nQ) 

Q torque per propeller 

q 

8 

effecti ve thrust per propeller 

resultant drag with propellers operat i ng 

free-stream dynami c pressure (~V2) 
wing area (47 . 444 sq ft on model) 

C wins mean chord (8/b) 

c root -mean-square chord of a control surface back of hinge 
l i ne 

b wing span (7. 777 .ft on model) 

b I control-sur face span along hlnge l l ne 

v 

n 

a i r speed 

pr ope ller r otational spued 

angle of attack of thrus t axj. S re la ti ve to free - s trGaIn 
direction, d. groGs 

p mas s density of a i r 

o contr ol-surface dsflect ... on, degr88s 

0cur right ailavator tab d.eflect ion, degrees 
R 

Oa
TL 

l oft a i lavator tab def10cti on, degrees 

13 propeller-blade anglG at 0.75 radius, de grees 

M.A. C. mean aerodynamic chord (6. 61 ft on modal) 

propulsive efficiency {~~ 'C ) 
\Cp nD 
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Subscripts: 

a ailavator (aileren or elevater} 

r rudder 

r ;. fl~p 

T tab ; 

u uncerrected .. , 
t tail 

,* ,. MODEL AND EQUIPMENT 

The 1/3-scale ~edel ef the XF5U-l airplane was supplied by 
Chance Veught Ai rcraft. The general arrangement .and geemetric 
characteristics ef the medel are gi ven i n f i gure 2. Centrel
surface data 'are given in table I. 

The medel is pewered by a 200- her sepewer, water-ceeled, 
electric i nductien meter. Pewer is transmitted frem the meter to 
the prepellers by means ef extensien shafts threugh r ight-angle gear 
bexes ef the wins tips. The prepeller installatien at each wing tip 
censists ef 2 two-blade prepellers meunted i n tandem so. as to. ferm 
a feur-blade cenfiguratl en. These tandem prepellers r etate in the 
same directien with t he prepellers at each wing t ip r ctating upward 
at the wing center secticn. 

0. The prcpeller blades .are free to. flap fcre er aft 10 frcm the 
perpendicular to. the prc~eller axis as they r etate. The blades cf 
each prcpeller are so. i nterccnnected tqat as cne blade flaps ferward 
the eppesite blade flap s aft a In additien, as a blade flaps fcrward, 
the hub mechaniam causes the pitch to. deorea~e and as the blade 
flaps aft the pltch is i~creased. This load-relieving mech8nism 
was feund to be necessary by the airplane designer i n hi s a~lyses 
frem censi deratiens cf prepeller stability, blade leads, and 
uniformity cf disc-thrust loa~ng. 

The prcpeller tcr~ue was determined frem calibratien curves 
ef meter te~ue as a funct i on ef minimum input current to. the meter. 
The prepeller-retatienal speed was measured by a cendenser-type 
tacheme tar. 

CON]' IDE:NTIAL 



6 CONFIDENTIAL NACA RM No. 16119 

The movable control surfaces on the model were hydraulically 
actua.ted by remote control. Electrical posl tion indicators and 
strain gages mea.sured control-surface deflections and hinge moments, 
respectively. 

Two model-support arrangements ,,,ere used in the tests. The 
original cantilever strut support was attached to the model at the 
left wine; 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 
lea<lin8 edge of the wing root chord. The results given throughout 
t his report are for the model with the semispan s upport unless 
otherwise specified. The model was mounted vert ically in the t 'lllUlel 
in order to obtain an unlimited range of' angle of attack and to 
minimize jet .. boundary effects. The value of t he c orrection factor 
used in the jet-boundary-correction equations as determine d from 
figure 4 of referenc(3 2 ,.,as -0.13. 

The Langley full-scale turmel and balance system are de scrtbed 
i n reference 3. 

METHODS AND TESTS 

Force tests were made of the mode l for a range of angle s of 
attack of from -190 to 900 • Except ,,,he r e notecl, the tests were 
made at a t unn01 airspeed of approxi mate l y 87 miles per hour, 
correspondi ng to a Re~101ds nmnber of approximately 5,380,000 based 
on the mean aerodynar.1i c chord of 6. 61 f eet . These tests were made 
for both "the basic-model and the complete-model configurations 
(figs. 4 and 3, respectively). As shown, the basic model d.i ffers 
from the comple t e mod.el in that the canopy and engine a i r ducts 
are r emoved . 

Force t e sts ~~d tuft observati ons were ini tially made of the 
model in the basic and complete configurations with the propellers 
removed an(l all control surfaces neutral. Tests of the c omplete 
model configuration with propellers r emoved r evealed premature 
separation at the ,·ring center secti on, r .3sulting 1n low valu8s 
of C1 In an attempt to increase t he Cr. of the mode l, 

m~ ~x 

the several modi ficat i ons lis t ed in table II and shmm i n f i g·. 
ures 5 through 10 ,were mn.de. Tests of' the so modifica t i ons included 
lift !llGasurements and tuft observati ons for a range of angle s of 
a t tack in the region of the stall only . 

CONFIDENTIAL 
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Control effectiveness and hinge moments were determined f ·or 
the ai;J-avators acting as elevators and ailerons,. for the, stability 
flaps"and for the rudders for ' the model with the propellers removed 
and at zero ya1.f. 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 'VTere made in the region of ' long i
tua"iI'\~l, .:tri,m for a ·wide range of angles of attack. For angles of 
attack gr.ea;';te:r. than 240 the elevators were', deflected only over a . 
small range near maximum negative ' deflecti on. The aileron effec
tiveness was d.etermined by first deflecting both left and right 
aila:va:t!ors to. the approximate' posi.tion for longitudinal trim at 
each angle :.of attack. , With the left . ailavator fixed at ,·the. setting 
for longi t !Wlinal trim, the'· right ailavator '48 deflected ±lBo from 
this tr:j..m ·positiotr. The ~ffe ctiveness'. of th~ stabili~y flap · and 
the rudder vms de.termined over a large range of flap and rudder 

.' I 
deflectioJ;ls 'with the ailavators set at the approxirD.s.te defle.ction 
for ~Qngi tuq,i.nal trim at each "angle of attack. 

Fo~~e tests 'V~re , made with the model in the basic ,configuration 
with the propellers operat.ing at J3 == 20° and J3 = 30° to determine 
the propulsive chara c terl stics for a large angle-of-attack range. 
To obtain data over the complete VjrJJJ ra..1'lge of the propellers, 
t e sts were I!JB.de as follo'ws' ;for each angle of attack: first, with the 
propellers set at the maximum rpm as limited by the available tor~U3? 
the tunnel airspeed was ' varied in steps from ·zero to approximately 
87 miles :eel" hour; second; with the t~el airspeed held· constant ' 
at ap.proximaiie].y 87 miles per hOur, ' the propeller speed was . Increased 
from t,he windmilling to the maxiinum speed .. in · increments .of 100 rpm. 

, -' 

Th~ aerodynamic characteri stics of the, 'model with :the pro
pellers operating at blade angles df 'lOo, 11.5°, and 14° were 
determined from force tests at angles . of attack ranging from 30 . 

to 84°. The purpose of these ··tests was to .choose optimum propeller-
blade angles for simulat::'ng the prope ller-operating conditions ,of ;' 
the airp,lano in , the very high angle-bf-attack range . for these ... 
tests the propellers '{ere ol')or~ted through a V jrill range suf.ficient 
outy to obtai~ an intersectien of the model Qc .versus . CL curv.e 
at , constant angle of attack 'Vlith the airplane Qc versus CJJ cUrve 

for full 'power operation. (Se c fig. ll.) The cUrves of fi'gure 11 
were furnished by tho contractor. 

T.hc static thrust of the model propellers • .;as determine d from 
tests at blade angles of 10°, 11.5°, and 14° . ~t an angle of attack 
of 909 , and from tests at a blade angle of 20 ' at an angle ' of attack 
of 74° with ' the model sup:ported at the "l ing tip. At . each blado ang13, 

CONFIDENTIAL 
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measur~ments were made f or the condit.ions of maximum. propel ler rpm 
as l imited by the available torque and zero ttmnel airspeed. 

RESULTS AND DISCUSSION 

The data have been correcl:.ed for balance alinement, blocking, 
and jet-b9und.ary effects. Tare correcti ons , .. ere applied to the 
propellers-removed drag data only . . 

The presentation of the test resul:ts and thE:; analysis of tp~ 
data have been grouped into two mai n sections. The first section 
give8 the results of the propellers··removed i nvestigations to . 
determine the maximum. lift and stalling characteris t i cs of the model, 
the longitudinal stability characteri sti cs of t he model, ~~d the . 
effectiveness of the control surfaces. The second section gives 
the r esults of propeller-operati ng investi gations of the propulsive 
characteristics of the mocie l-propellers combination, the statj.c 
thrust of the model propellers, ru1d the maxi mum. lif t s obtainable 
for s·iroulated flight condiUons. 

Results wi'th Prope llers Removed 
. ~ . ~ 

.M..a.xl~um J..;jJ'...t_~~11jn(.Lcha~acteri.§tic~. - The r e sults of 
the . m~~imum l i ft and stall tests are presented in figures 12 
through 14 and the .t e st data are sumnari zed i n table II. Photo
graphs of "Tool tufts , placed a't frequent i ntervals on the upper 
wing surface , to show the dispos i t :l on of t ho a l l' flow over the mod.el 
at several angl es of attack ar\O) shown in f igure 15 for the basic-
model a·nd . comple te-model conf i guraUons. . 

"Iii th the mode l in the complete configuration (fig. ' 12) ~he 
maximum lift coefficient obtained was 0.9'7 at an angle of attack 
of 320. Tuft observations indicated that premature s tall probably 
occurred from di sturbances just aft of the canopy and in the r Ggion 
of the Gngino air ducts . (See f i.g. 15(a~) As a r e sult, several 
modificati ons to the canopy and the angi na a i r ducts wer e t ested in 
an attempt to delay premature stalHng at the so locati ons. Opening 
the canopy , i nstalling fille ts ar 01md the engine air ducts, and 
unseali ng the engine-air outlets did not changu the value of ' CLmax. 
( SOo table II. ) Dlcreas0s in CLmax of 0. 06 and 0.08, respectively, 

wer e obtained. by extendins the canopy afterbody as shown in f i gure 6 
and by installing extonded spinners in the engine air ducts as shown 
in figure 8. Datai l s of the extended spinnor i nstallation are shown 

CONFIDENTIAL 
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in figure 9. Removing the engine air ducts and fairings increased 
the CLma-x ' of the ,model by 0.~2 over 'that f~r ' , th6 , coml?le'~e m09--~~ 
configuration~ It should be pointed out that the cooling fans to 
be used on the airplane in the engine air duc t s were not ,duplicated 
on the model. i Tests ':1i th .only _the canoPY ,removed increased the ,CLmax 

by 0.07., A maximum lift coefficient of 1. 31 was obta j,ned for the 
model ' in the basic model configuration. (See fig. 14.) Tuft ", 
studies indicated that the ' air 'flow over the model, in the basiC 
configuration waS" smo'oth and that no apprecj_able disturbanpes 
occurred even in the 'region of the ' propeller nace lle-wing j,UIlcture 
up to the angle of s~ll. (See' fig. 15(b) , 

~ic-long~,tudiml_stabili~tests~- The vari ations of' Crn, 
. . I .. '. 

Cha' , CL , ,and , CD wi th ai1:avator deflection 0a f or ' the compl~ te 
model' configuration are shown in figures 16 t hrough 19. From these 

(
lgures" curves were obtained to show the variB,tions of 
?IJm;-~a\ ' and (~h /05a)C' wi th ,Ct and are given i n 

l.) Cm=O \ a _ l1a =0 

figure 20. The ailavator effectiveness oCm/doa ' i s approximately 

constant and. equal to -0.0052 throughtout the l i ft coefficient range 
from 0 , to 0.8. The slope dCha/d5a var~es from appro:x;~tely 0 

to :'0.011 for a Ct range of fr om 0 to 0.5. Ther e i s a ,reversal ,of 

slope in the range between CL = 0 .5 and ~ = 0. 8 . 

As an indicatl on of the s t atic l ongi tudi na l stability of the 
comple te modal configuration Hi th the propellers r emoved, curves 
showing t he vari ati ons of Cm "ri th CL for cons tant a i lavator 

sett ings are given i n f i gure 21. The value s of dCm/CCL' n~ar the 
trim i ndicat e that the a i rplane wi ll be long.i. tudi nally stable for 
the l i ft coeffiCient raD~ from 0 to 0. 63. ~ . ~ 

, , 

To show more clearly the static longitudi nal s tabilitY , charac
t eristi ps of the airplane , the f or e and aft locat ions of the stick .. 
fixed neut ral pOint have been computed ' by method 1 of reference ' 4 
and are pre sented in figure 22. These results show that for the 
normal center-of-gravity locati on the a i rplane wi th propellers 
r emoved will have a positi ve stati c margi n vary i ng from 5 to 13 per
cent of t he mean aerodynamic chord throughout the unstalled -range 
of lift coeffiCients . 

The magnitUde of t ho ailavator deflections re~uired to trim the 
airplane for lift coeffiC ients up to tho stall has been plotted in 
figure 23. This curve was obtai ned by cross plotting for C

m 
= a 

the r esults of tho a i lavator-effectiveness t ests given in 
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f ig'ures 16 to 19. Tho r osult s of figuro 23 ShOvl t hat the air plane 
"\-r1 th pro::?011·::;; r remove d can be trinmwd by I!10ans of the unit hori
zontal tai l for a ll 1 ft coofficients up to CL = 0 . 72 . 

. J1,.S an i ndication of tho stj.ck-freo l ongi t uojnal stability 
chara'?ter istlcs of the airplam, the vari at i on of Cm ,vi th CL 
for Cha = 0 is presentee. in f:!.guro 24 for the comple te model 

configcrration . . Althou&~ 'the data are rather limi~Gd, these r e sult s 
inaj.ce.t e that t!le stick-free stabi lity will be 3rratic over most 
of the l ift cOGffic 'icmt range invl3stigate d a nd vTill bo unstable at 
ver y lovT lift cooff i c :Lonts (be l ow about O. J,.). 

Ef'fe c t of UJlit horizontal ta·j 1. -: T1">e effe c t of the unit hori
zon tal tail on 'che aerodyna!1lic characteristic s of t ho basic model 
are sho,m in figure 25 . ThG hor i zontal tail, at Z6ro incidence, 
contri butes an incrcmonts of about 0.18 to the maximum lift coef
ficient of the model. As shown by the pitching-moment ClArVC the 
model with t~e horizon tal tail removed is unstable between ~ = 00 

B.nd 1 20 and become s stabl e at angle s of attack greater than 12
0

. 
The cOIitr i buUon of the unH horizontal tail ' to the longi tudinal 
stabi l.'i ,t .y of tho Dasio mode l i s SnQl,ffi in figure 26 by tho increlnent 
in )llodol pi tching-mo!l1cmt ' ooeffic H.m·~ ,provi dr)d by the tail plottod 

.against angle of attaCk,. The value of C6Cmt /OO is about -0.0059 

between ~;;:: 00 and 120 and 
of attc.ck greate r than 12° . 
angles of ~ttack is probably 
tail . 

de crease s t o about - 0.0022 for angle s 
This de crease i n s lope a t the high ' I
due to tile stalling of the hor i zontal 

~il~ .~at0I.-~~ ef:f<? ct~~'£.~~ . - The r e sult s of th8 tau t e sts , 
whl.ch a r e pre sen ted in figuros 2{' i;hrough 30 , Oh O'Vl the effe cts of 
tab deflectio,n , on the var::;at::ons of Cha, Cm' CL, and CD wi t h 

aHa'vator deflec tion for 'thruo c.nf,l o s ' of attack (a. == -0 .613
, 11.30 

23 . ~:P ). Th8 tab hj.n€;:8 -mOIilBnt parame t~r OCh / d'Oa r emai:r.s 
, a T 

e ssEmti a l ly constant ,v,i. th 'a11avator deflection but inc!'0ase s 
negc.tively from -0.0033 a:c ~;;:: _0.60 to -0.0045 at a. = 23 . 20 . 
(Se0 f l g . 27 .) A decrease in tho model pitching-moment coefficient 
of about -0.0005 :per de groe chango in t ab defle ction was moasured. 
(Sec fig . 28. ) This de crease in pitching~morr~nt coeff i cient did 
not changeappreciauly with angle' of att ack at' aila va tor deflection. 
Th results of f':'gures 29 and 30 show that tab dcfluctj.on had no 
appre ciablo off 'Jet on thC:! lift and th,.) drag of the mode l. 

§tabilHy-flap effectiveuo ss .- The 
presented in figureo 31 through 34 sh6w 
cleflect ion of Cm' Cho , CL, and CD ' 

.l 
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stabi1i ty f;Lap 18 to trim. out the adverse or stalling pitching _ 
moment due to propeller operation. The flap effect iveness dCm/OOr 
increased negat1vely with angle of attack up to a, = 23.2° and 
thereafter remaJned approxima. tely constant until the stall. ' 
(See fig . 31.) A decrease i n the basic model pitching-momen~ 
coefficient of about -0.0017 per degree change in flap deflection 
was measured at a, = -O.Go and this value incr eased to about -0.0026 
at a, = 23 .2° . The value of oCh / oof at small flap deflections, 

f' 
increased with angle of attack (fig. 32 ) from about zero at 
a, ::: _0.6° to about -0.0019 at a, = 35 . 2° . The value of dChf /OOf 

increased r apidly, in the negative direction, for large positive 
flap deflecJvions . The effects of' flap deflecti on on the lift 
coefficient were comparatively small. A IDa.."Cimum increase i n lift 
coefficient of only 0 .12 (at a, = 11.30) was measured for full 
positive flap deflection. (See fig . 33 .) 

Aileron cffectiveness .- The resv~ts of the aileron tests are 
given- in figures 35 and 3b for angles of attack of _0.6°, 11. 3°, 
and 23 . 2°. The aileron effectiveness dC~/aOaR vrith only one 

ailavator deflected, increased slightly from a"bout -0.0018 at 
a, =_0 .6° to about -0.0022 at a, = 23.2° . (See fig . 35.) Tne 
values of OCha/dOaR were small and about zero for conditions 

other than those in "hich it appears that the ailavator was stalled. 
At a, ~ ~0. 6° it appears that the control surface might be 
overbalanced. 

Rudder effectiveness. - The results of thL TIldder tests are 
given i n figures 37 and 38 for angles of attack of _0.6°, 11.3°, 
and 23 . 2° . The rudder parameters , dCn/oor' dCy/dor , 
and dchr/OOr increased '\011 th angle of attackj so that for an 
angle -of-attack range of _0.6° to 23 .2~ OCn/ OOr increased slightly 
from about -0.0010 to about -0. 0012J oCy/oor increased from 
about 0 .0019 to about 0 .0026, and OChr/dor i ncreased from 

about -0.0042 to about -0.0078. Rudder deflect i on appears to have 
a large effc-ct on the rolling moment of the mode~ . (See fig . 37 .) 
An average change i n the model r olling-moment coefficient of 
about -0.0007 per degree change i n rudder deflection was measured . 

RGsults 'YTi th Propellers Operatj,ng 

Propulsi ve character istics . - Tho des:Lgn of the XF5U-l airplane 
was based-on the prenusetimT-tho aerodynrunic characteristics of 
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the low-aspect-ratio wing could approach those of a high-aspoct
ratio wing by the addition of l a r ge-diameter propel lers l ocated at 
the ":li ng tips and. rotating in oppoai to ciirection to the tip 
vortices . In this manner the e:.lOrgy of the tip vorticity would 
be partially cotUlteracted by the rotational ornrgy of the pr o
pelle r slipstream. \ofi th the propellers rotati ng upward in the 
center, t he lift ve c tor is inclined fon~rd because of the added 
up1·rash due to slipstr eam rotation and thus the induced drag of the 
win g is d.ecr eased . (See reference 1.) 

" F,or t he se tests J the effect of propeller opere.tion have been 
deter~ned by an evaluat ion of theJroPulsive efficiency, expressed 

fDu - D:R \V (D - ~ 
11 = \.... ___ .. ~-L in which u is the pr opulsive thrust per 

2P 2 
propeller and. Du and D.Ru are the propellers - removed drag and 

the resul -rent drag w"i th propeller s operating (measured at t he 
san~ lift coeffic ient), respectively. The propulsive efficiency 
thus includes any effect of propeller operation on the lift and 
the drag. The r esul ts of tests made to determine the pr opulsive 
efficiency of the model at angles of attack of -0 . 50

6 
5 . 40 , 

and. 11. 40 for f3 = 200 and at _0 . 60 , 5.30, and 11. 3 for f3 = 300 

aro presented in f i gure 39 . ' The pea~ propulsive effi c iency of the
o present progelle r installation on the XF5U-l airpla.Yle at ex, = -0.6 

and f3:;:: 30 is 0 . 75 ( f ig. 39 (c» ; 1·rhereas , for the propeJler 
install ation on the V-173 airplane for tha same condition (fig. 20 
of reference 1) a value of 0 . 94 was obtained . Thj.s differe nce in 
propulsive 0i'ficiency is probably clue to the differences in the two 
propell ers. 

The r esults of f gure 39 sho { an increase in t he effective 
thrust coeffic ient and !Jrop1J~sive effic.Lency wi th angle of attack, 
a s oxpe c ted . At zer o anglB of attack, the lift coefficient and, 
thvr efore , the inQuced drag are approximately zero and the effect 
of the slipstream r otation viili be small. As the angle of attack 
is i ncr0ased, however, the down flow at tho wi ng due to the tip 
vortici ty is partially offset by the up flow due to the slipstream 
rotat5. on of the propeller; a l so the propellers begin to contrlbute 
a considerabl e ver tical force that increases the total lift . These 
effec ts both tend to r educe the induced drag of tIB ,ving and to 
increase t he propulsive efn i ciency of the airplane-propellors com~ 
b i nation. Further incr eases in angle of attack 0 .... ·1.:.1 pm-rer result 
in the pr opellers carrying d.ir 8ctly mora and mOl' .... or' the total lift. 

The r esults of tests made to de t ermine the effects of direction 
of propeller r otation on the propulsive cha.ractoristics of tha mode l 
arc given i n figure 40 for ~ = 200 and P = 300 • The tests were 

COI'-lFIDENTIAL 

I 

I 
, I 
( 



NACA RM No, L6119 CONFIDENT·IAL 13 

made at negativ~ as well a~ positive angles of attack for the same 
propeller rotation j.nasmuch as, at negative angles of attack the 
rotation of the propeller sUpstroam with respect to the rotation of 
the tip vortices is effectively reversed since the wing is sym
metrical. The results of the tests show 7 percent greater peak 
propulsive efficiency at tho posltive angle of attack for ~ = 200 

at CL ~ 0.67 and 20 percent greater for ~ = 300 at CL ~ 0.74. 
The larg3r increase for ~ = 300 is probably because the rotation 
of the slipstream is great~r for [3 = 30

0 than for [3 = 200 over 
the V/nD range investigated thus counteracting a greater per
centage of the induced drag. 

static ~hr'USt test~. - The results of tests made to determine 
the static thrust obtainable ,.,Hh several propeller blade al1gles 
are presented in figure 41. The propeller blade angle for maximum 
static t~~"ust can be obtained from the curve of CTe/CQ plotted 

against propeller 
for static tpxust 

(CTe/CQ = 17.5), 

blade angle. The optim~m propeller blade angle 
ls 11. 50 w'here the ratio CT /CQ is a maximurtl 

e . 

~ffects of :e.ropell~ o?er~yic?~-?E_.!.~!..!- ' - The effects of pro
peller operation on the lift of the model are presented in figure 42 
at angles of attack ranging fro~ about 0 0 to 300

• At angles of 
attack of _0.50 and _0.60 for propeller blade angles pf 200 and 300, 
respectively, increases in CL amounting to bet'Yleen 0 .2 and 0.3 
"Tere measured for the V /nD ranges investigated. Tpis change in 
lift coefficient is caused principally by the changa in the local 
angles of attack of the "ing induced by slipsl:.ream rotation. 

As the angle of attack is increased the chal1ge i n lift coef
ficient at a given V/nD increases. Calculations showed that 
about one-third to one-half of the total i..11creasq in lilt due to 
propeller operation at the high angles of attac~ results, from the 
lift component of the propeller resul~t f.orce . Most of remaining 
increase is attTibut~d to the increased slipstream velocity over 
the wing. 

The results of tests made of the : basic model configuration for 
angles of attack of fEom 30 to 840 .:'r1 tg the .. progellers operating , 
at blade angles of 10 , 11. 5°, 140, 20 "aDd 30 ' ru:e given in . 
figure 43. Additional data for a propeller blade angle of 200 

wlth the model mOUl1ted on the wing-tip support are given in ~ fig
ure 44. These curves give the variation 'of eL, C~, and V/nD 

wi th Q which vrere used', in' the determination of the ma:dIllUl)1 l i ft 
coeffic!ent of the ai!1,)lanewith the propellers operating. The 
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tests at very'high angles of attack 'I-~re made only witn a propeller 
blaqe an31e of 11.)0, inasmuch as pro lim . nary check te ~ ts indica ted 
this setting to be optimum fer the static-tl-..rust 90nditiol} • . 

Cur v,es for ,the XF5U··1 airplane of Qc versus CL for ' both 

full -power ,operation (1200 bIp at 108:, rpm) and 115 ·percent full
pOvle r oIlera tion (1380 bh]? at 1085 rpm) are incl-qded. on fig"";' , 
ures 43(a')J '-~3 ( f) ~ aml 4J(i)' in order to doterroine P?ints of , , 
simulation 'of airnlanu Q from model te st data. The .intersection .-' - c " 
of the airplane curve .Ti th the- model data r opresents this simtiJ.?--
tion for a particular blad.) angle as shO\ln by the ticks on fig-
ures 43 (a ) , 43 (f ) , and 43 ( 1 ) . The points of intersection ,d,etermined 
from f:l.gurcs ~-3 and. 4!~ .,Ul b.) used later in the determinati on of 
the ma..'l[imum lift coofficient of the' airpl8;ne with prope}l ers 
operating. 

Inasmuch as th:: Gffocts of :propeller operation on tho lift ' or 
th.;) subject alrplan0 aru largo; e specially at the bigher' angles of 
attack, the dotermi,nation of the propellors-op()rat:in~ l i.ft c_urye 
required the duplication of tho corroct blade angle and adva..T1cc 
ratio ,in addition to the torque c.oefficicnt . The proc08s used in 
th~) d termination of tho prop'311ers-operating l ift curve for , full,-( 
power - opsration at sea 1 yel js as follo·vlS: from tho intersection~ 
of \jlw airplane curve ,.,i th the modal curves of figV.TOS 43 and 41.j,, ' 

curves of ex. versus CI, and V frill versus C were plotted for 
tho several blad0 angles as shOim in figure t5. Superimposed on 
these constant -blade an[~J curves , wh~ch duplicate the , required 
airplane torq'ue coc:t:f.i..c1onts, is the vari ation of V /flJ) with CL-

of the airplane for full-po",.:::r oporation. The intorsection of the 
model V /nJJ versu.s CL curye for a particular blade angle ,.,r:;' th ' 

the airplane V frill VGTSU8 CL curvu SiVG a point at' whl,ch airplane 
tor'luG coeffiCient, blade anglo J and V/rill aro dupli ca-wd . Those 
intorsGct ions are notod. by the ticks on figure 45. rrhr) airplano 
lift cu.-rve for full-povlor operation can be tra.ced by a line thi-ough 
tho ticks on tho ex. V0rSU8 CL curves of figure 1~5 . 

The peaks of the ex. versus CL curvos of figllre 1~5 a.etermine 
the maximum-lif t coefficient obtainable at a particular ,blade angle 
for full-power operation. The simulation point f or 13 = 14° occurs 
at the peale of the lift curve; therefore, the max1mu.r.l lilt coef
ficient for full-power operation should be 1.90 at ex. = 29 . 20 

which corresponds t o a minimum flight speed of about 90 mHes Rer hour. 

The i ndica ted higher maximl'lm lift coefficlent of the air:Qlanq' 
for a prope l;l.er blade angle of 11. 50 (fig. 45) was not at taine'd 
",i th the present rated. po'\,>er (1200 bhp at 1085 rpm) and weight 
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(16,750 lb) of the XF5U-l airplane. A few calculations ,.,ere made 
to determine the required ' changes 1n the airplane basic parameters 
that 1wuld enable, the airplane to fly on the 13 = 11. 5° cUt'va. 
It , was firs't desired to change the airplane weight ,.,hile 
mat:ptaining the normal rated pOvTer of the 'airplane. Calcclations 
shoved that fl. flight-simulation point for 13 = 11.50 at CL =3.0 

(fig . 46) at a. = 46.70 could be attained by decr~asing the 
airplane 'Weight by '14.2 percent. This l':'ft coefficient corresponded 
to a mininlUID speed of about 72 miles per hour. It was next des i red 
to maIm cha.nge s in both the p01.,er and 1-Te ight. As shov.'I1 in figure 46 
the maximum lift coefficient could. be increased to 8.9 at 0. , = 51.5° 
for .. 13 = 11. 50 by increasing the po'irer 15 perc .. mt (1380 bhp at 
1085 rpm) and by de creasing t he wo:i.ght 23.6 perce!l.t. · A lift coef
ficient of 8.9 corresponds to a min imv.:m flight spoed of ab9ut 
l~2 mile s per hour. , 

In 'order to obtain additional information concerning the 
performance of the airplane in the very high anglo-of-attack range 
(a. = 420 to 72° ), an analysis "TaS made of the p01.;er that would 
beU!'equir e d to maim:ain unacc~lerated leve l flight (as 6.efiood by a 
point where C~ = 0). Curves shmfing ,t..l-J.e variati~n of ~.1 Qc, 

a., and. V frill ,.i th CL for f3 = 11. 50 i n thl] r egion of .C~ = 0 

only are presented i n figure 47. (Some of these data are a repeti
tion of the data of fi g . 43 .. ) Calculations of tho power r equired 

' wero made based on th0 values obtained at CDR = 0 and tha 

variaUon of h?rsepower required (per propeller), CL , V/nJJ, a..l1d a. 

with forward flight spood V calculated on this basis are sho1-1n 
in fig\.ITc ,48. For the speed range investigated the horsepo;ror 
required per' propeller increases from about 1290 horsepowor at · 
CL = 2_40 to 1690 horsepower at CL = 10.75. ' (See fig . 48.) This 

increase in h01;8opoiver is from 8 to 41 percent grea tsr tha.l1 the 
normal rated horsellower of tile XF51T-l atrplane . As shown in fi[~
ure 48" t he TJl:cniIDUln forward. fli~t speed. of th9 airplane (for normal 
gross vreig.ht) £:or level flight is about · 38 miles per hour, based on 
the lift coefficient of 10.75 at a. = 69°. Calculat~ons indicated 
t.ha t an increase in the pr opeller-rotatlonal speed of a'-bout 10 per
cent ,,[ould be regyired throug:fJ.ou-r. the speed range i nves -r.::.gated. - The 
need for this increase in pr opeller-rc-ca'Glon8.l speed CGuld pr obably 
be elirainat~d by cpanging the pr opeller blade angle slig.l-J.tly . 

CONCLUSIONS 

The results of an investigatlon of a 1/3-80a10 model af'the 
Chance Vou@.l.t XF,5U-l air.plane in tho Langley fu..U-scale tunnel 
shmred the following: " 
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1. Earlyair-flow separation at tho wing 'center section "TaS 

caused. by mutual int,::;rferenco effects of tho engine air-duct 
installa.t10ns and in uprlght canopy on the wing. As a reslll t, 
tho comparC).tively 101·1 valub 01 maximum lir-t coofficient of 0.97 
was 'moasurod fo~ the, completG mod:;l configuration ,with th~ pro
:pe~_lers r emoved . Hi th tho engine ' air ducts and ,C8J1.QPY removed, a 
maximum l ift coefficient ' of 1.31 was mea~ured. , 

, 2", Install1ng extended spinners in' tho engL11.e ',a l r ' ducts, and 
~xtendjng tho C8.~lOI>y e.fteroody increased. tho max:i..m:um lift coeffi
cient ,of' the mode l with the propellers removed by 0.08 and 0.06, 
r o.spectivoly. 

3. The model ",i th tho propellers ,removed (nol"IllEil center-of
grC'.vity location) has a positive static margin, 'sUck fixe'd, 
varyinG from 5 to 13 porcont of the mean aerodynamic chord through-
out the unstalled range of lift coefficients. " 

4. The unit horizonte.l tail is sl'.fficien'bly pO'iveri'ul " to trim 
, the alrplane with the prope'llers removed throughout. the ,urtstalled 
' range of lift coefficients. 

5. The effect of the unit hor'izontal tail on ,the airp,le.ne 
10!1e;ltudinal stability, as dewrmined by ~he slop~ of the curve of 
tail :pitching-moment coefficient agalnst angle of" attack' dDJ::,mt/ro 

, " . 0 
decreased from about -0.0059 at angles of attack up to 10. ,to 
about -0.0022 for angles of attack greater than 120. ' 

6. ' The peak propulsive effic iEmcy was 7 percent grea~er at 
(3 :::: 200 at CL;; 0 . 6"{ and 20 percent greater.at 13 = 30 at 
Ci ;; O. 71~ with the propellers rotating upward in the center than 

",i"eh the propellors rotating dowmrard in the Center. ' 

7. Propeller oper~~tJon caused large changes in the lift of 
the model, especially at the highGr angles of attack. Calculations 
showed that about one - thir d to one-half of the . total increase in 
lift d.ue to prope11er operat:.on at tho high angles of at.tack ',,'8.S 

duE.! to the yerU.cal component of' the thrust of: the propellers. 

8. Based on a maXimi,1111 lift coefficient of 1.90, indications are 
t ha t the In.i.nj.mum. forward fl1ght speed of the XF5U-l airplane having 
a gl~oss ' ight of It.,750 :;?oWlds for fl)~l-pCJ'\ver operation at sea 
l.evel (1200 bhp at 1085 rpm) 1vill be about 90 miles per hour. 
Decreasing the airplane weight and increasing t.he pO-vier decreased 
this vCLlue of miniBUIU speed, such that for 15 percent greater 
!JO'ivor and a 23.6 pel'cent decrease in we ight, the , minirr.UIll speed 
was about 42 miles por hour at ~ = 51.50 • The . rosults did not 
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indj.cate any limit to the minimum speed provided the necessary 
changos in p01ver and ",eight could bo made. 
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1 Area, sq ft 
I 
Span, ft 

Root-mean-square chord, ft 

Aspect ratio 

Control deflection, deg 

Trim-tab area, sq ft 

aArea af t of hinge l ine. 

bChord aft of hinge line. 

TABLE I 

MODEL CQII'I'ROL-SURFACE DATA 

Unit horizontal tail 

2.79 

2.7'7 

1.01 

2.75 

55 up 25 down 

I 0.68 I -----

Vertical tail Rudder Flap -_._--.-
1.58 aO.59 

1.43 1.43 

I bo.38 

1. 29 
5 right, 30 right; 
10 l eft 30 left 

I 

I - ! -
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TABLE II 

INDEX OF MAXThiUM LIFT RESULTS 

PROPELLERS PEr-10VED 

INO. I Model configuration 

I 
I 

I 
i 
I 

1 Complete model 

2 Same as 1 except canopy open 

3 Same as 2 except fillets installed 

4 Same as 1 except engine air-duct inlets 
sealed with bulbous fairings 

5 Sane as 4 except extended canopy after
body inst.alled 

6 Same as 1 except engine air outle ts 
unsealed 

'7 ; Same as 1 except engine air ducts i 
I I remcl'v-ed 

8 I I Same as 3 except extended spinners 
installed 

I 

9 I Same as 8 cxce.pt upright canopy and 

!10 

I fillets r emoved 

I Bas i c model 
I 

I 
I 

Cr Reference 
.!.Imax figure 

0.97 3, 12 

.98 --------- --

.96 -----------

1.05 5, 13 

loll 6, 13 

.96 -----------

1.19 13 

1.04 7, 8, 9, 13 

loll 10, 13 

1.31 4, 14 _J. 
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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 the control svx
faces to" which the tabs are attached. ' 

. Figure '2. - General arrangement' and .·geometric characteristics of a 
1!3-scale model of the Chance Vought XF5U-'l airplane. All 
dimensions are given in feet. 

Figuri:l 3.' - 'The 1/3-scale mode'l ·of 'the XF5U-l airplane mounted for 
tests in the Langley full..;scale .tunnel. -Model in complete con
figuration; propellers removed; ,vTing- t ip support. 

Figure 4.- The 1!3-scale model of the XF5U-l airplane mounted for 
tests in t he Langley full-scale tunnel. Model i n basic con
fi~ation; semi8pan support; propellers installed. 

(8) Front vi ew. 

Figure 4.- Contu1ued. 

(b) Three-fourth rear view. 

Figure 4.- Concluded. 

(c) Side' vi,ew. 
~, 

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

Figure 6. - Configuration 5 showing extended canopy afterbodY 
installed. Engine-air-duct inle t s ' sealed; propellers removed. 

Figure 7. - Details of configuration 8 showing extended spinners 
in engine-air-ducts, fillets, and open canopy. Propellers 
removed. 

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

Figure 9. - Details of the extended spinner installat ion. All 
dimensions are given in inches . 
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FIGURE LEGENDS - Continued 

Figure 10. - Configuration 9 sho'Yring canopy installation removed. 
Extended spinners installed.; propellers removed. 

FiguJ:'e 11. - Variation of ,' Cr. and V /nD with Qc of' the 
XF5U-l airplane for fUll-power op'oration at sea level. 

Figure 12 . - Variation 0+ CL, CD' and Cm with ~ of a 1/3-scale 
mode l of the XF5U-l airplane.' . Complet e model configurationj 
propeilers r emoved.. 

Figure 13. - Compar:i.son of maximum lift coefficients obtained. with 
five ' model con:figura tions . (S0EJ table II.) Propellers, removed. . . . . . 

Figur'e 14. - VariaUon of CL, CD', and Cm' with a of' a 1/3-scale 
mod.el of the XF~.3U-l airplane . Basic model configurationj 
propeller's removed. 

Figure 15 . - Tuft observ~tions oir' the '1/3-scale model of the 
XF5U-l airplane. Propellers removed. 

, \ 

(a) Configuration 1. 

Figure 15 . - Concluded ., 
I , ., 

(b) Configuration 10. 

Figure 16.- Variation of pitching-moment c00ff1cient with ailavator 
deflection. Model in con~lete configuration. O~L:= OaTR = cP, 

or = 00; propellers" removedj :of = 00
• 

Figure 17 . - Variation of right-ailavator hinge-moment coefficient 
wi th ailavator deflection. , . Model in comple:te configuration; 

, 0a.:rr, = Oa'IR = 00 jOr' = 00
; propellers removed.; Of = 0°. 

, I 

Figure 18.- Variation of lift coefficient with ailavator d.eflection. 
Mod.e1 in complete configurati.on; O~ := 0a'I'R = 0°; 0r' 0°, Of, 0°; 

propellers removed.. 

Figure 19.- Variation of drag coefficient with ailavator d.eflection. 
Model :Ln' complete configuration; OaT = OaT = 0°; or' 0°; 
Of' 0°; propeller removed. L R 
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FIGURE : UGENDS, - ,Continued 

li'igure 20.-
Variation or (~cm~ : ~. (:~Cha=O with ,lift 

coefficient. Mudel in complete configuration; propellers removed. 

Figure 21". - Variation of ])i tching~mOIll.0nt, coefficient. wi th lift coef
ficient. Model in complete configuration; ,propellers r emoved. 

Figure , ?!2 ;-' Vartation of . stick i'ixed l'leutral",points with lift coef
ficient. Model' in compl?~e configuration;' propellers removed. 

Figure 23. - Variation of a.ilavator deflection required for trim vTi th 
lif,tJ coef.ficient~ C.oraplete model configurationj propellers 
removed'. 

Figure 24.- Variation of pitching-moment coefficient with lift 
" coefficient. ' 0ha = ~ : ; Mode l ip. comple t e confi guration; 

propellers · .. removed. · .. , . . ., '. : 
\ . , 

Figure 25.- Variation of CL, CD, ruld Cm with '~ of the model 

wi th the horizontal tail installed and. removed. Basic model 
'conftgurati9nj' propellers removed. 

. , 

Figure 26.- Variation of increment of pitching~moment coefficient 
due to horizontal tail with angle of attack. Basic model con
figuration; propellers removed. 

Figure 27. - The, effect of right-ailavator tab , setting on the 
variation' of Ch ,.,ith' · oa. ' Model in basic configuration a ' 
0aTt = 0° j or = 0°; propellers remove,d; of, 0°. 

Figure 28.- The effe9t of ' rigbt-ailavator tab se tting on the 
variation of Cm ,.,ith , 0a- Model in basic configuration; 

O~ = a ° ~ or = 0°; propellers remove,d; of, 0° . 

Figure 29.- The effect of right-a'ilavator tab setting on the 
variation of CL with 0a' \ Model , in basic configuration; 

0aTL ; 0°; or = 0°; propellers removed; of, 0°. 

Figure 30.- The effect of right-ailavator tab setting on the 
variation of CD with ,5a~ ' Model in basic configuration; 

0a = 0°; or = 0°; propeliers removed; of' 0°. 
Tt 

CONFIDENTIAL 
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FIGURE LEGE~IDS - Ccnti nued 

Figure 31.- Variatipn cf 'pitching-mcment ccefficient with flap 
~efleOc~icn. Mcdel in basic ccnfiguraticn; b~ = b~ = OC j 

or = j prcpellers remcved. 

Figure 32.- Var i aticn cf right-flap hinge-mcment ccefficient with 
flap deflecticn. Mo.del in bEl-siQ conf.iguraticn; baT = baT · = OC j 

br = 00.; propellers remcved. L R 

Figure 33.- Variaticn cf lift. ccefficient with flap deflecticn. 
Basic mcdel ccnfigure,t icn. OaTr. = Q8.tn;... = 00. j br =. O~j prc-
pellers remcved . .LJ:{ 

Figure 3)+ •. - Variaticn cf drag coef:t'icient with flap deflecticn. 
Model in basic configu:raticn; Q~ :;: ba = Oa j br = .00.; 
prcpellers removed. L TR 

.' 
Figure 35. - Variaticn aJ Cha' Cu and Cn with right ails.vator 

deflecticn on a 1/3-scale mcdel of the XJ!'5U-l airplane. Left 
ailavator fixed; propellers remcved; V, 100 mph; br = 00.; basic 
model · canfigurat~on. 

Figure ·· 36. '- Variation or' CL, .CD, and Om wi t h .right aila.vatar 

deflectian on a 1/3-scale model of the XF5U-l airplane. Lef t 
;a.l1&vatar fixed; propell ers remcved; V, 100 mph; or = 00.; basic 

·. mode.l ccnfigurat ion. 

Figure 37 . - Variaticn of Chr , Cn, and Cl, \vi th br on a 
1/3~scale model of the 'xF5U-l airplane. Pro~llers remcved; 
bas'ic mode·l configuraticn; V, 100 mph. 

Figure 38 . - Variatian of CL, CD, and Cy with br cn a 
1 / 3-scale model of tho XF5U-l airplane. Prcpellers removed; 
basic ·model ccnfiguration; V, 100 mph. 

Figure 39 .- Typical curves shcwing prapulsive characteristics. 
Basic model configuration; all contral surfaces neutral. 

. (a) ·' Variatj.on of Cp i'lith V /-clJ. 

Figure 39. - Cantinued . 

(0)' Varia tian of CT ".1i th V lrill. 
e 
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NACA RM No. L6I19 5 

FIGURE LEGEIIDS -' Continued ' 

]'iG1-lTe 39. - Concluded. 

(c) Variation of 't) with ' V lrill.· 
Figure )-/-0. - Variation of C

P
' CTe , and 't) wi't~ " VlriD~ Basic 

mode l g0nf i guration; all c<?ntit'0l JlUr:fI!LCes neutral; data for 
~ = 20 obt ained with wing- tip support. 

Figure 41.- Variation of Cp ' and CT ICQ with ~ of the 
.. ", e 

model gropellers. Basic model collfigciration; 
~ = 20 obtained with wing-tip support. .' 

V lrill, 0; data for 

Figure 42. - Variation of CL w~ th V (rill. . Basic model 

propellers operating; all c'ontrol surfaces neutral; 
curves with "ring-tip support . 

configuration; 

a = 20° 

Figure 43. - Variation of C1.' . CD.R" and .. V lrill wi th Qc for 

several propeller blade angles. Basic model con;figuration; all , '. 
cont rol surfaces neutral. 

Figure 43.- Cont inued. 

Figure 43.- Continued. 

Figure 43. - Cont inued. 

Figure 43. - Cont inued. 

Figure 43 . - Continued. 

° (c) au, 12 . 

° (d.) <Xu, 15 . 

( ) 21°. e a.u ' 

(f) cx.u ' 30° . 
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6 CO~IDENTIAL NACA RM No . L6I19 

FIGUBE LEGENDS - Continued 

FigtITe 43.- Continued. 

Figura 43. - Con tinue.d. 
.. t: 

Figure 43.- Continued. 

F1gure ·43 .- ·Continued . 
. _ I. . " 

Figure 43.. - Continued. 

Figure 43.- Continued . 

Figure 43. - Concluded. 

(m) au, 84°. .: 

Figure 44.- Variation of CL, CIB ' and V/nD with Qc for 
o j3 = 20 . Basic model configurationj wing-tip supportj all 

cont rol surfaces neutral. 

Figure 44.- Continued . 

Figure 44.- Continued . 

Figure 44. - Continued .. 

o 
(a) a.u ' 5 . 

(d) a.u ' 29°. 
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FIGURE LEGEIIDS - Concluded. 

Figure 44 . - Continued. 

Fisure 44 . - Concltmed . 

Figure 45 . - Cm' ves used. for the determinatlon of flight pr opeller
operating IHt coefficients from moclel d.ata . Model curves 
duplicate airplane QCJ vs CL fc~ full-power operationj basic 
mod.el configurationj al2.. controls n9ut1'£',1. 

Figure 1~6 . - Curves used fo:r the determinat ion of flight propeller
operatinG lift coefficients from model data a t f3 = 11. 50 . 
Basic model configuration; all c on t rols neutral . 

Figure 47. - Variation of C~J QCJ o,J and V InD with CL for 

propeller operation at f3 = 11 . 50 • Basic model configtrrationj 
all control surfaces neutral. 

Figure 47. - Continued . 

Figure 47 .- Continued . 

Figure 47 .- Continued. . 

Figure 47 . - Concluded . 

Figure 48 . - Variation of HPreq, 

for level -fli~1t conditions at 
neutral; normal gross ioTeight . 
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Rela t i ve wind 

NAT IONAL ADVISORY 
CO ...... ITTEE FOR AERONAUTICS 

Figure I .- System of axes and contr ol- surface hinge moment s 
and defle ctions. Positi ve va l ues of forces , moments , and 
angles are ind icated by arrows . Pos i tive value s of t ab 
deflections are in the same d i rections as the pos i tive 
values for t he c ontro~ sur faces to whicn the tabs a r e at
tached . 
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Geometric Characteristics 

Areas Sq rt 
Wli7g lincluoii7g s tability rbp ) 47444 
Stobl/tty Tlop s ( two) . . .. , (671 
Umt horlzol'llol ta;/(t-wo aibvators) .. 5 578 

'ertlcol toils ( two) 3. 158 
Hor lzontol toil tab (one) 0.338 

Leng Ths 
.:5pan 
Meon oerodynomlc chord 

Tf 
7. 777 
6.6// 

Air foIl sect/on s 
Wing . 
Hortzontal tall 

Root 
Tip . 

Verticol to;'1 .. Chance 

, NACA 00.16 

NACA 0.0.15 
NA CA 0.0.0.9 
'ought 2C 

.~~.~ 

•• • • • • • • • • • • . 
• ••• • • • • • • • • ••• •• •• • 

~ 
-......: 

Thrust axis and chord line 

"'-. -- CONFIDENTIAL 
NATION"l ADVISORY 

COMMITTEE FOIl AERONAUTICS 

Figur e 2. - General arr anr;ement and geomel r ic characteris t ics 
of 0 1/.3 - scole model of the Chonce Voug h t XF.5U-I airplane . 
All d;'mensions ore g t'ven in feeT. 
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Figur e 3 .- The --l_ -sc a le model of t he XF5U-l a irpl ane mou n ted 
3 

f o r tests in t he Langley full - scale tunnel . Model in co mpl ete 

configuration ; p r opelle r s r emo ved ; wing-ti p s uppo rt. 

NATIONAL ADVISORy cO .... 11 TEE FOR AERONAUTICS CONII'IDENTIAL 
LANGLEy MEMORI AL AERONAUTICAL LABORATORY - LANGLEY FIELD . VA 
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Figure 4.-

CONrIDINTIAL 

(a) Front view. 

1 
The ---- scale model of the XF5U-l airplane mo unted 

3 
for tests in the Langley full-scale tunnel. Model in basic 

configuration; semispan support; propellers installed. 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
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(bl Th r ee -fourt h r ea r vi ew. 

Figure 4 . - Contin ued . 
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(cl Side view. 

Figur e 4.- Conclud e d. 

CONFIDENTIAL NATIO NAL ADVISORY CO MM ITTEE FOR AE RONAU TICS 

LANGLEY MEMOR IAL AERONAUTICAL LABORATORY - LA NGLEY FIELD. VA. 
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CONrIDINTIAL NACA RM No. L6I19 

(a) Plan view. 

(b) Three-quarter front view. 

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

NATIONAL ADVISORY CO MMITTEE FOR AER ONAUTICS 

CONP'IDENTIAL LAN GL.."t: y ME MORIA L AER ONA UTIC AL LABORATORY - L AN GLEY FIEL D . VA. 
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Figure 6 .- Configurati on 5 showing extended canopy afterbody 
installed . Engine-air - duct i n lets sealed; p r opellers removed. 

NATIONAL ADVISORY COMM ITTEE fOR AERONAUTICS 
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CONFIDENTIAL NACA RM No. L6I19 

Fi ~ure 7.- Details of confi~uration 8 showin~ exte nded sp i nn ers 
in engine-air-ducts, fillets, and open canopy. Pr ope ll e r s 
re mo ved. 

CONrIDINTIAL 
NATIONAL ADvISORY COMMIT TEE FOR AERONAUTIC S 
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Side vIew 
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Figure 8 .-Arronqemeni or engine - air- ducl' 
i nstol l o r i on aT win9 /eoc:(Jn9 edqe . 
SpInners do not r e volve 1/7 Clue/" s . 
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Circuior crosS .secfiOl7l7ere 
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Pion View Ordlnotes S Ide View Ordin ates 
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CONFIDENTI AL 
NATIONAL ADVISOR Y 

COMMITTEE ' FOIl AERONAUTICS 
I"igure S. .- Details or the extended .pinner installation. 

All d1 me ns1on s a re g1ven 1n 1nchee. 
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Figure 10 .- Configuration 9 s howing canopy installation removed. 
Extended spinners installed; propellers removed. 
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CONrIDINTIAL NACA RM No. L6119 

CL = 0.91 a. = 29.2 0 ; CL = 0.93 

CL = 0.97 CL = 0 .95 

(a) Configuration 1. 

1 
Figu r e 15 .- Tu ft obse rvati on s on t he ----scale model of the 

3 
XF5 U-l airplane. Propellers removed. 
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(b) Configuration 10. 

Figure 15.- Concluded. 
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