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Page 4, line 7: The definition of 13 should read as follows: 

propeller-blade angle at 0.7 radiw, degrees 
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Anthony J. Proterra 
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Errars  in the plot of CT~!CQ against f3 in figure 4 1  necessitate the 
fou_OwZng changes: . . .  . . .  

Page U, lines l6 t o  19: Delete  the last two sentence€! of thie para- 
graph and. replace them with the following sentence: 

These reeulta Show that the optimum blade angle for e ta t i c  thrwt 
(where O-JJCQ 1s m~x-lrmrm) is lees than 10'. 

Figure 41: Replace thls figure with revised figure 41 attached. 



Figure 4 1. - Variation of Cp, CT,, and C T ~ / C &  W i t h  ' p Of 

the model propellers. Basic model configuration; 
v/nD,-O; data for  B = 200 obtained with wing-tip Support. 
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The results of a p r e L h i m q  Investigation of a -scale 1 model of a 
3 

convertible-tgpe a i q h n e  in the hngley full-ecale t-1 are presented 
in this paper The maxlmm-lift and s t a m r g  characteristics of several 
m o d e l  configurations, the longitudinal s tab i l i ty  characteristics of t he  
model, and tbe effectiveness of the  control surfacea were determined 
with the propellere ramoved. The propuleive characteristice, the effect 
of propeller operation cm the lift, and the static  thrust of the model 
propellers were tleterminad at several propeller-blade angles. 

The resulte with t h e  propellers removed shmkd that 'the m a x b m  
lift  coefficient of the cmplek model configmatian was anlg 0 .n as 
cmpared wit21 the value of 1 - 3 1  for the  model configuration In which the 
engine air ducts and canow are removed. The model w i t h  the propellers 
removed (normal- center-of-grapity  position)  ha^ a positive  static margin, 
s t i c k  fixed, varying frcm 5 to 13 percent of the mean aerodynamic  chord 
throughout the une.t;alled range of lift  coef2fcienta- The unit horizontal 
tail is sufficiently powerful to trim the amlane with the propellere 
removed throughout the unetallrsd range of lift coefficients. 

m e  peak propulsive efficiencies for B = 20° - B  = go w e r e  
increased 7 percent at 2 0.67 and 20 percent at 0.74, respec- 
tfvely, with the popellera rotatlng upward in t h e  center than with the 
propellers rotating danrward 9n the center. Indications are that t he  
rddmum f orward-flight speed of the airplane f o r  Full-parer operation  at 
eea level will be about 90 milerj ger hour. DecreasFng the weight and 
increasing the parer reduced t h l ~  value of mFnimum s p e d  and there were 
no indications f r a n  the m s f i t ~  of a lmer limit to t he  mlninum epeed. 

A preliminary investigation has been conducted on a &-scale model 

of a convertible-tgpe airplane in t h e  b n g l e g  full-scale tunnel. T h i s  
airplane fs of unconventional  design with an almost c t r cu la r  plan form. 

3 
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Very large diameter articulated  propeUers are locate& a t  the w i n g  t i p s .  
A unit horizontal tail is wed t o  obtain both lagi tudlnal  and lateral 
control. 

The airplane is e m c e e d   t o  assum a t t i t tuba  approaching  hovering 
and vertical   dement as a result of the relat ively large stat ic   thrmst  
and large parer  effects on lift. The inuestiga.tim in t h e  Langley full- 
scale .tunnel me,  therefore,  chiefly  for the purpose of determining the 
lmg i   t ud ina l   s t ab iUty  and the performance of the airplane Fn the very 
high angle-of-attack range. 

It was planned t o  maSre tes ts  with the propellers removed and w i t h  
the propenera operating 80 that the ef fec ts  of propeller  operation ' 

might be determined. The t e s t e  of the model w i t h  the propeUers removed 
included measuremsnts t0 de tsmlne  the  longitudinal  atability, t h e  maximum- 
lift and stalling characterist ics of several model configurations, and 
t h e  effectiveness of the ailavatora and the rudders. Only a amall part 
of the propellem-operating test program wag completed when testing was 
terminated by the failure and complete destruction of one of the model 
propellers. The tests w i t h  -&e propellers operatFng w e r e  made a t  several 
propeller blade angles and included meaffurem@nts t o  determine the pro- 
pulsive characterist ics,  the effect  of  propeller  operation M the maximum 
lift, and the s t a t i c  thrust of the model propellers. The data obtained 
w i t h  the propellers  operitlng were limited and were imuff fc ien t   to  
determhe  cmpletely the e tab i l i t y  and performance of tple airplane. 

.. . - 

The result6 of the tes ta  are presented ae ebndard. RACA coefficients 
of forces and rnaments. R o l l i n g - ,  yawing-, and pitching-imnat coeffi- 
cfents  are  given  about a center-of-gravity  positian located a t  a point 
on t h e  root chord  projected Fnto the plane of symmetry frcan 26.3 percent 
of the mean aarodynamlc chord. The poaitive directions of forces, of 
mcanents, of angular displacement8 of the model and control s~~xfacee ,  and 
of h b g e  mments are given In  figure I. 

CL lift coefficiant (L /~s )  

CD drag coefficient (D/qS) 

c, pitching-moment coefficient (M/qSc) 

c2 roUi,ng-moanent coefficient ( Z / q S b )  

" . .  
" 
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c 
"r, 

c c  

propeller  advance-dhneter ratio 

lift 

dra of model with propellem removed o r  propeller diameter 
77.33 ft on model) 

maments about wFnd axes 

airspeed 

propeller  rotational speed 
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a angle o f  attack of  thrust axis re la t ive   to  free-stream 
direction, degree8 

P maas density of a i r  

6 .cmtrol-surface  deflection,  degrees 

6 right ai lavatar  tab deflectlon, degrees 

8azz 
l e f t   a i l a m t o r  tab deflection,  degrees 

8 propeller-blade angle a t -  0 -75 radiue, degreee 

M.A .C . mean aemdynam3c chord (6.61 f t  on model) 

9 

Subecripts : 

a amvator   (a i le ron  o r  elevator) 

r rudder 

f f lap  

T tab 

U uncorrected 

t t a i l  

I-  

The general  arrmgamsnt and gecanetric characterietice of the model 
are given in figure 2 Control-surface data are  given in table I. " 

The model is pawered by a 200-horsepower, water-cooled, e lectr ic  
induction motor. Parer is t ranmit ted frcan the motor to the propellers . 
by meam of extenefcm shafts through right-angle gear boxe8 a t  the wing . 
t ipe.  The propeller  FnstalLatim a t  each w h g  tip coneiete  of 2 two- ' f  

blade propellers mounted in t a n d e m  80 as to form a four-blab configu- 
ration. These tandem propellers rotate  In the t3m.1~ direction w f t h  the 
propellere at  each w i n g  t ip   ro ta t ing  upward at the w h g  canter  section. ? 4  

" 

The propeller blades are   f ree  to f h p  fore o r  a f t  loo frm the 
perpendicular t o  the propeller  axie  as they rotate.  The blades  of  each 
propeller are BO interconnected  that a8 one blade flaps forward the 
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opposite blade. f laps  aft In addition, a8 a blade f laps  forward, -tihe 
hub  mechaniam caw68 the pitch t o  decrease F d  as t h e  blade flape a f t ,  
the  pitch is Increased. This load-relieving mechaniam w m  found t o  be 
necessarg by the awlam designer Fn his analyses fraan cansiderations 
of propeller  stability,  blade loads, and unifomuity of disk-thru8t 
loa- - 

The propeller torque wa8 determined frm calibraticm  curves of 
motor torque as  a function of mum input  current t o  the notor. The 
propeller-rotatianal speed was measured by a  cmdmer-type  tachamstar. 

The movable control  amfaces on the model were hydraulically 
actuated by remate control.  Electrical  position indicators and strain 
gages measured control-surface dflectiorna and w e  mrxmants, respectively. 

Two model-support armngmenta were  wed in the teaW- The origfnal 
cantilever  strut  support was attached to  the model a t  the left wing t i p .  
(See f i g .  3 .) A revised  support was attached t o  the model on the under 
side of the w l n g  a t  tihe w i n g  semispan during the tests  to avoid  the large 
interference  effects  that  w e r e  found to be caused by the origFnal XFng- 
t i p  support. Both eupports were located 21.6 percent of the mean aero- 
dynamic chord aft of the leading edge of the wing  root chord. The reeults 
given throughout this paper are f o r  the model w i t h  the semispen support 
unless otherwise speciffed. The model was mounted vertically in the 
tunnel in order t o  obtain an unlimited range of angle of attack and to  
minimize jet-boundary effects.  The value of the correction  factor used 
i n  the jet-boundary-correction equatiane as detemined fKan figure 4 of 
reference 1 was -0.13. 

The Langley full-scale tunnel and balance  system are described 
in  reference 2. 

Force tests were made of the model for a range of angles of attack 
from -190 t o  90°. Except where noted, the teste were made at a tunnel 
airspeed of approximately 87 miles per hour, corresponding t o  a Reynolds 
nmber of approxima'kly 5,380,000 based on the mean aerodynamic  chord 
of 6.61 feet. These tests were made f o r  both th.e basic model and the 
cmplete model configurations ( f igs  4 and 3, respc t ive ly)  . A s  ahown, 
the basic model differs frm the comglete model in that the canopy and 
engine air  ducts are removed. 

Force tests and tuft observatians were  hitially made of the model 
in t he  basic and camplete  ccmfiguratiana w i t h  the propellers removed 
and a l l  control  surfaces  neutral. Tests of the  cmplete model configura- 
t ion  with propellers removed revealed premature separation at the whg 
center  section,  result% in  low 'values of h. Ln an attempt to 
increase the C h  of the model, the several  modifications l i s ted  in 
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table I1 and s h m  in figures 5 to.10 were made. Testa of these modifi- 
cations  Included lift measurements and tuft oberervatlons f o r  a range of 
angles of attack in the region of the stall only. 

Control  effectiveness and hinge mamsnts were determined fo r  the 
ailavators  acting  as  elevators and a i l e r m ,  for the  stabil i ty  f laps,  
and f o r  the rudders f o r  the model w i t h  the propellers. removed and a t  zero 
yaw. The effectivenese of the ailavator tab was ~ L B O  determined. mnge 
moments of the cmtrol  surfacee were d.etel.mlned on the right side of the 
model only. 

Elevator-effectivensse t e s t a  were made tn the region of'longitud- 
trim f o r  a wide range of angles of attack. For angles of attack greater 
than 24' the elevators were deflected onlg over a small range near 
maximum negative  deflectim. The aflerm  effectiveness was determined 
by first deflect- both left and right  ai lavators to the approxlmate 
position f o r  longitudinal trim a t  each angle of attack. W i t h  the l e f t  
ailavator  fixed at  the e e t t i n g  f o r  longitudinal trim, the r igh t  ailahtor 
WBE deflected *1~' f r o a n  this tr im position. The effectiveness of the 
s t ab i l i t y  f l a p  and the rudder was deterrnlned over a large range of f lap  
and rudder  deflecticma  with the ailavatore  set  at the approximate deflec- 
t ion for longitudinal trim a t  each angle of attack. 

Force tests were made with the model in the basic  configuration 
w i t h  the propellers operating a t  p = 20' and p = 30° to determfne 
the propulerive characteristics f o r  a large angle-&-attack range. In 
order to obtain data over the cnmplete V/nD range of the propellers, 
tests were made a.8 follows fo r  each angle of attack: first, with the 
propellers  set  a t  the maximum rpn as Umitsd by the available  torque, 
the tunnel  aimpeed wae varied in steps fram zero t o  approximately 
87 miles per hour; second, w i t h  the tunnel airepeed  held  constant at  
approximately 87 m i l e s  per how, the propeller speed wae kcreased frcm 
the windmil l ine;  t o  the maximum speed in incremsnts of 100 rpn. 

The aerodynamic charactarigtics of the modelwfth the propellers 
operating a t  blade angles of 10 , 11.5°, and l4O xere determined f r m  
force tes ts  a t  angles of attack  ranging frm 3 O  t o  84O. The purpose of 
these tests waa t o  choose optimum propeller-blade angles for  simulating 
the propeller-operating  cmditians of the airplane Fn the very high 
angle-of-attack range. For these tests  the  propellers were operated 
through a V / ~ D  range sufficient 0- t o  obtain an intersection of the 
model & against CL c m  at  constant angle of attack w i t h  the 
airplane & against c~ c m e  f o r  fm-power operation (see f ig .  U. 1 

The a ta t ic  thnrst of the model propellers was debmined fram t e ~ l t a  
a t  blade angles of loo, Il.5', and 14' at  an angle of attack of 90°, 
and from t e s t s  a t  a blade angle of 20° a t  an angle of attack of 74' with 
the model supported at  the wing t i p .  A t  each blade angle, mgw-ta 
were made f o r  the canditians of maximum propeller rpn as limited by the 
available  torque and zero tunnel airspeed. 

u 
LI -. 

- .  

i; 
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. 
The data have bean corrected for balance allnemsnt, blocldng, and 

jet-boundary effects.  %re Gorrectians were appued t o  the propellers- 
rermoved drag data only. 

c 
” 

J i  

The presentation of the t e s t  results and the analyefe of the data 
have been grouped into two mah sections . The first  section @ves the 
resul ts  of the propellePe-ranooved investigations to  determine the mun- 
lift and sta.llln@: characterlstice of the model, the longitudinal  stabil i ty 
characterist ics of the model, and the effectiveness of the control 
surfqces. The second sect im  gives  the resul ts  of propeller-operating 
investigatime of the propulsive  characterieticB of the model-propellers 
condination, the s t a t i c  thruElt of the model propellers, and the maximum 
l if ts  obtainable f o r  s ” b e d  f l i gh t   cond i t ik s .  

R e s u l t 8  w i t h  Propellers Removed 

Maxbmm-lift  and stall% characterietice.- The results of the 
maxlmm-lift and s t a l l  t e s t s  are presented Fn figures 12 to 14 and -tihe 
test data are  summarized in table II. Photographs of w o o l  tufts, placed 
a t  frequent  intervale on the upper d n g  B u r f a c e ,  . t o  show the disposition 
of  the air flaw over .the model at several angle8 of attack are s h m  In 
figure 15 f o r  the basfc-model and cauplete-mdel  configurations. 

With the model Fn the cowlete  configuraticm  (fig- 12) the mxlmum 
lift coefficient obtained w m  0 -9’7 a t  an .angle of attack of Zo. Tuft 
observations  indicated that premature stall probably  occurred from dis-  
turbances just aft of the canopy and in the region of the engFne air ducts. 
(See fig.   15(a) .) a result, several  modifications to the canopy and 
the engFne alr  ducts were tested in an attempt t o  delay premature stalling 
a t  these locations. Opening the canopy, inetalllng f i l l e t s  around the 
enghe  air  ducts, and unsealing the engine-air outlets  did  not change 
-the value of C h .  (see table E. ) kcreases  h &x of  o .06 
and 0 -08, respectively, were obtained by extending the canopy afterbody 
a8 Shawn in figure 6 and by imtalUq extended sphners  fn the engine 
air ducts as sham in figure 8. Details of the extended-spinner 
imtallation axe s h m  in figure 9.  Removkg the engine air  ducta and 
fair ings  hcreased the C b  of the model by 0 -22 over tihat fo r  t he  

canplete model configuration. It should be  pointed  out that the cooling 
fans to  be used on the airplane Fn the engine a i r  ducts were not 
duplicated on the model. Te8-b w i t h  only t h e  canopy removed lncreased 
the Gx by 0.07. A mxbum lift coefficient of 1-31 was obtained 
f o r  the model in the basic model configuration. (See fig. 14 .) Tuft 
studies  indicated that the air flow over the model in the basic  configu- 
ration 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 f ig .  15(b) .) 
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Static-longitudinal-stability tests --.The varfations of C&, C k ,  m, 
and C-D with ai lavator  deflection 6, for the cnmplete mdel configu- 

In order to shaw more clearly the s t a t i c  lcmgitudinal stabili-  
characteristics of the a m l a n e ,  the fore and aft locations of the stick- 
fixed neu-&al point have been cnmputed by method 1 of reference 3 and are 
presented in figure 22.. Them resul ts  show that fo r  the normal center-of- 
gravi ty  location the airplane  with  propellers removed w i l l  have a positive 
s t a t i c  ntargin v€irying fram 5 t o  13 percent of the mean aerodynamic chord 
throughout the unstalled range of l i f t  coefficients . 

The maguitude of the ailmator deflections required to t r i m  the 
airplane f o r  lift coefficients up to the stall has been plot ted  in  
figure 23 This curve was obtained by crose-plotting for G, = 0 the 
resulta of the a i l a v a t o r - e f f e c t i v s s  teste given in figures 16 t o  19. 
The resulte of figure 23 shaw that the airplane w i t h  propeller removed 
can be t r k d  by bans of the unit horizontal tail f o r  all l i f t  coeffi- 
cients up t o  a = 0.72. 

As an indicat im of the  stick-free  longitudinal s t a b i l i t y  charac- 
t e r i s t i c ~  of the airplane, the variation of C, w i t h  Q, fo r  C b  = 0 
is presented in f i@;ure 24 fo r  the cmplete model configumtion. Although 
the data are rather limited, these results indicate that the stick-free 
s t ab i l i t y  will be er ra t ic  over most of the l i f t  coefficient range 
investigated and will be unstable a t  very low lift coefficient6 (below 
about 0.1) . 

Effect of .unit horizontal tail.- The effect  of 'the unit horizontal 
tail on the aerodynamic characterieticb of the basic model a r e  sham In 
figure 25 The horizmfxl tall, a t  zero  hcidence,  cmtributes an 
incramant of about 0 J.8 t o  the maximum lift coefficient of the model. 
AB Shawn by the pftchlng-mment c m e  the model with the hor izonta l   t a i l  
removed is unstable between a = Oo and Eo and becomes stable a t  angles 
of attack p a t e r  than Eo. The contribution of the unit  horizontal tail 
t o  the 1ongitudIm.l a tabi l i ty  of  the basic model is shani in  figure 26 by 
the increment in model pitching-merit coefficient provided by the tail 

L ."- 

r .- 
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plotted  against  angle of attack. The value of G t ; a a  is about -0.0059 
between a = Oo and 12," and decreases t o  about -0.0022 for angles of 
attack  greater than 12 . This decrease i n  slope a t  the higher angles of 
attack is probably due t o  the stalling of the"horizmta1 tail. 

Ailavator-tab  effectiveness.- The results of  the tab testa, which 
are  presented in figures 27 to 30, show the effecta of tab  deflection on 
the variations of C b ,  h, w, and CD with ailavator  deflection f o r  
three angles of attack (a = -0.60, 11.3', 23.2O) The t ab  hinge-mcanent 
parameter achla6, r m  -essentiaIJy  canstant with atlavator  deflec- 
t ion but  increases  negatively from -0.0033 at a E. -0 -6' to -0.0045 
a t  q = 23.2O. (See f ig .  27.) A decrease fn the model pitching-moment 
coefficient of  about -0.0005 per degree change Fn tab deflection waa 
measured. (See fig. 28.) This decrease Fn pitchbg-momnt  coefficient 
did not change appreciably  with angle of  attack or ailavator  deflectton. 
The resultx. of figures 29 and 30 show that tab deflection had no appreci- 
able  effect on the lift and the drag of the m o d e l .  

Stability-flap  effectiveness.- The results of the f lap testa pre- 
sented in figures 31 to 34 ehm  the  variatians  with  flap  deflection 

t r i m  out the adverse o r  s t a l l i n g  pitc  mcanent due to propeller 

angle of attack up to a = 23.2O and thereafter remained approximatelg 
con6tant un t i l  the E-. (See f i g  . 31 .) A decrease i n  the basic-model 
pitching-moment coefficient of about -0.0017 per degree change Fn f lap  
deflection was measured a t  a = -0.P and this value increased t o  
about -0 -0026 at a = 23.2O. The value of achf/&f at aman flap 
deflections,  increased with angle  of  attack if%. 32) from about  zero 
a t  a = -0.6O to about -0.0019 a t  a = 35.2 . The value of aChf /asf 
increased  rapidly, in the negative  direction, f o r  Large p f t i v e   f l a p  
deflections. The effects of f h p  deflection an the l i f t  coefficient 
were comparatively fmaIL7.. A msrlTmrm Increase in Uft coefficient of 
only 0.12 (at Q. = l l . 3 O )  was measured for  ful l  positive  flap  deflection. 
(See f ig .  33 .) 

Of '&, chf, a, and CD- !&e maill purpose of the Stabili ty f h p  is 

operation. The f l a p  effectivenese a tncreaeed  negatively  with 

Aileron  effectiveness - The results of the aileran tests are  given 
in figures 35 and 36 f o r  angles of attack of -0.60, l l . 3 O ,  and 23.2 . 
The aileron  effectivenese aCz/asaB w i t h  anlg one atlavator  deflected 
increased ss@;htly frcm about -0.0018 at  a = -0.60 t o  about -0.0022 
a t  a = 23.2O. (See f ig .  35 =.) The values of =&,/ahR w e r e  m a l l  and 
about zero Tor conditions  other than those in which it appears that the 
ailavator was stalled.  A t  a = -Om@ it appears that the >control 
surface might be  overbalanced. 
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of attack; so that f o r  an angle-of-attack range of -0.6~ t o  -23.Q0, &,/asr 
increased slightly frcm about -0 .00~0  t o  about -0.0012, acyl&, increased 
fran about 0.0019 t o  about 0.0026, and aCh,/a€& increased from 
about -0 -0042 t o  about -0.0078. Rudder deflection  appears t o  have a 
large ef fec t  on the rol l ing moment of the model. (See f ig .  37.) ~n 
average change in  the mo-del rolling-mament coefficient of about -0.0007 
per  degree change in rudder deflection was measured. 

R e s u l t s  w i t h  Propellers Operating 

Propulsive  chamcteriatics.- The design  of the airplane was based 
on t l le  premise that the aercdpmnic  characteristics  of the low-aspect- 
r a t i o  w i n g  could approach those of a high-aspect-ratio wFng by the 
addition of large-diameter  propellers  located a t  the wing t i g s  and 
rotating in opposite  Urectian t o  t i p  vortices. In this manner the 
energy of the t i p   vo r t i c i ty  would be prtially counteracted by the 
rotat ional  energy of the propeller  slipstream. With the propellers 
rotat lng upward in the center, t he  l i f t  vector is inclined forward became 
of the added upwmh  due to   s l ipstream  rotat ion and thus the induced drag 
of the w i n g  is decreased. 

For these testa, the ef fec t  of propeller  operation have been deter- 

propeller and D, and Qu are the propellera-removed drag and the 
reeultant  drag  with  propellers operatkg (measwed a t  the aame lift 
coefficient),  respectively. The propulsive  efficiency thus includes any 
ef fec t  of propeller operation on the lift and the drag. The results of 
tes ta  made t o  determine  the  propulsive  efficiency of  the model a t   angle^ 
of attack of -0.5O, 5.4O, and U . k o  f o r  p = 20° and a t  -0.6O, 5.3O, 
and l l . 3 O  f o r  p = 30' are presented In figure 39. The peak propulrrive 
efficiency of the preeent  gropeller installation on the air@me 
at  a = -0.6~ and f3 = 30 is 0.75. (See f ig .  39(c).) 

The results of figure 39 show an increase in the effective thrust 
coefficient and propulsive  efficiency w i t h  angle of attack, a8 expected. 
A t  zero angle of attack, the lift coefficient and, therefore,  the induced 
drag are approximately zero and the effect of the slipstream  rotation 
w i l l  be small. A s  the angle of attack is lncremed, however, the down 
flow a t  the w b g  due t o  the t i p   vo r t i c i ty  is part ia l ly  offset  by the up 
flow due t o  the slipstream rotat ion of the propelhr j  a l so  the propellem 
begin to  contribute a considerable  vertical fforce that increases the total 
lift. These e f fec ts  both tend t o  reduce the induced drag of  the w i n g  
and t o  increase the propulsfve efficiency of the airplane-propellers 
cambination.  Further  lncreasee i n  angle of attack and pawer result i n  
the propellera carrying direct ly  more and more of the total lift. 

c .- 2.e 
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-. The resul ts  of tests made to determine the effects of direction of 
propeller rotation on the pro-ive characterist ics of the model a r e  
given in figure 40 f o r  B = 20° and B = 30°. The testa were made a t  
negative  as w e l l  88 positive angles of attack f o r - t h e  same propeller 
rotat ion  hamuch as a t  negative angles of attack the rotat ion-of  the 
propeller slipstream with  respect  to the rotat ian of the t ip   vort ices  is 
effectively  reversed since  the w i n g  i 8  agmmetrical. The resulk of the 
tests show 7 percent greater peak pro  sive  efficiency a t  the positive 
angle of attack for B = 20° at Q, = 0.67 and 20 percent greater 
f o r  p = 300 a t  CL 2 o -74 w larger  increaee  for p = 30° IEI 
probably  became the rotation of the slipstream is greater f o r  B = 30° 
than f o r  p = 20° over the V / ~ D  range inmatigated thus counteracting 
a greater percentage of the  induced drag. 

&" 

Static-thrus t teats  .- The results of tests made to determine the 
s t a t i c  thruat obtaFnable with several propeller blade m e s  are  pre- 
sented in figure 41. The propeller blade angle for max3mm.1 s t a t i c  thruat 
can be obtained from the c m e  of Qe/CQ plotted.  against  propeller blade 

angle The opthunt  propeller blade angle   for   s ta t ic  thrust i s  l l - 5 O  where 

the r a t i o  I (2 = 1Tm.5). CQ is a maxhum 

Effects of propeller  operatian on Wt.- The ef'fecta of propeller 
operatian an the lift of the model are presented in figure 42 a t  angles 
of attack rang- fran about Oo t o  30°. A t  angles of attack of -0.5O 
and -0.6~ for propeller blade anglee of 20' and 30°, respectively, 
increases in Q, amounting t o  between 0.2 and 0 -3 were  measured f o r  
the V / ~ D  ranges investigated. mis change ~n Ut coefficient IS 
caused  principally bg the change In the local angles of attack of the 
Hing induced by slipstream rotation. 

As the "1"" of attack is fncreased the change i n  l i f t  coefficient 
a t  a given V nD increases. Calculatim showed that about .ane-third 
t o  one-half of the total increase in l i f t  due to  propeller  operation a t  
the high  angles of attack results frm the lift cmponent of the pro- 
peller resultant force. Most of the ramshing fncrease is attr ibuted to 
the  increased slipekeam velocity  over the w i n g .  

The resul ts  of teste made of the basic model configuratitm for 
angles of attack of frcan io to 84O w i t h  the propellers  operating at . blade angles of I O o ,  11.5 , 14O, 20°, and 30° are given 2n figure 43. 

mounted on the wing-tip support are given in figure 44. These curves 
give the variations of CL, C%, and V/nD nith QC which  were used in 
the determlaatian of the mnimm lift coefficient of the amlane with 
t he  propellers operating. The tes ts  at wry high angleB of attack were 
made only with a propeller  blade angle of llD50, :Inasmuch as prelhinary 
check t e s t s  indicated thia setting to be opt- for the s ta t ic- thrmt 
conditian. 

? Additional data for a propeller blade angle of 200 with the model 

4 3  
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Curves f o r  the airplane of % agaFnst a for  both  full-power 
operation (1200 bhp a t  1085 r p )  and 115 percent  full-pawer  operatian 
(3.380 bhp a t  1085 r p )  are included in  figures 43(a), 43(f) ,  and 43(i)  
in order to determine points of simulation of airplane (& from model 
test data The intersection of the  airplane curve w i t h  the model data 
represent6 this simulation  for a particular  blade angle e6 shown  by the 
t icks  in figures 43 (a), 43 (f)  , and 43( i) m e  points of h t e r s e c   t i a n  
de t embed  frm figures 43 and 44 w i l l  be umdhter in the determination 
of the maximum l i f t  coefffcient of the airplane  with  propellers  operating. 

hasmuch as  the effects  of propeller  operation on the l i f t  of the 
subject  airplane are large, especially a t  the  higher  angles of attack, 
t h e   d e t e m h a t i m  of the propellers-operating l i f t  curve required the 
duplication of the  correct  blade angle and advance r a t i o  in  addition to 
the  torque  coefficient. The process used in the determination of the 
propellers-operating lift curve fo r  full-power  operation a t  ma level is 
as  follows: From the  intersectiom of the airplane curve  with the model 
curves of figures 43 and 44, c m e s  of  a against % and V / ~ D  
against CL, were plotted  for  the  several  blade angles as  shown i n  
figure 45. Superimposed on these conatant-blade-angle  curves, which 

' duplicate the required  airplane  torque  coefficients, is the v a r i a t i m  
of V / ~ D  with CL of the a" for  fal-power  operation. m e  
fntersection of the model V/SJ againqt curve f o r  a p a r t i c a r  
blade angle w i t h  t he  airplane V / ~ D  against CL c m e  give a p o k t  
a t  which airplane torque coefficient,  blade angle, and V/nD are  
duplicated. Them Intersections are noted by t h e  t icks   in   f igure 45. 
The airplane lift curve fo r  full-power operation can be traced by a line 
through the t icks  on the a agabmt CL c w e s  of figure 45. 

The peaks of the a against CL curves of  figure 45 d e t e m e  
the maximum l i f t  coefficient obtainable a t  a particular  blade  angle 
f o r  full-power  operation. The simulation p o b t  for p = 14'. occurs a t  
the peak of the lift curve; therefore, the maxlnum l i f t  coefficient for 
full-power  operation should be 1 .% a t  a. = 29 and corresponds t o  
a minimum f l i g h t  speed of about 90 miles per hour. - 

1 
, -  

The indicated higher maximum l i f t  coefficient of the airplane for 
a propeller blade le of 11 (f ig  45) was n o t  attaFned  with .the 
present  rated p o w e ~ l 2 0 0  bhp a t  1085 rpn) and weight (16,750 lb) of 
the airplane. A few calculations were made t o  determfne the required 
changes in the airplane  basic  parameters that would  enable the airplane 
t o  fly on the p = 11.5' curve. It was f i r a t  desired t o  change the 
airplane weight  while  maintaining the normal rated power of the airplane. I 

Calculations ehowed that a flight-simulation  point f o r  p = l l . 5 O  z .  
a t  CL = 3.0 ( f ig  46) a t  a .= 46..T0 could be attained by decreasing 
the airplane  weight by 14.2 percent. This l i f t  coefficient  cormspaded 
t o  8 minimum speed of about 72 miles per hour. It was next desired k !  

t o  make changes in  both the parer  and weight. As shown i n  figure 46 
the maximum l i f t  coefficient could be increased t o  8 -9 at a = 31 ,>O 
f o r  p = LL .5O by increasing  the :power -15 percent (1380 bhp a t  lo85 rpm) 
and by decreasing  the  weight 23.6 percent. A l i f t  coefficient of 8.9 
correeponds t o  a mi- f l i g h t  speed of  about k &lee per  hour. 

, -  
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In order t o  obtain  additional  information  concerning the performance 
the airplane Fn the very high angle-of-attack range (au = ko t o  Po), 
analysis was made of the parer that would be required  to &kin 

unaccelerated level f l i g h t  (as defined by a  point where CDR = 0) 
Curves shuwhg the variatian of Cm, G, a, and V/nD with CL 
f o r  p = n . 5 O  in the region of C% = o ~ n l y  aze presented in figure 47. 
(some of these data are a repeti t ion of the data of fig. 43. )  Calcfiatione 
of the power required were made baaed on the values obtafned a t  C a  = 0, 
and t h e  variation of horsepower required  (per  propeller), CL, V/nD, and a 
with forward-flight  speed V calculated on thie  baeis are shown in 
f w  48 For the speed mnge investigated the horaepmr  required per 
propeller  increaees from about 1290 horsepower a t  0, = 2.40 t o  
1690 horaepawer a t  CL = 10 -75. (See fig. 48 .) This increase Frr horse- 
pawer is f r a n  8 t0 41 percent greater than the ~ r m a l  rated horsepower 
of the airplane. As aham in figure 48, the xlnhm~ forward-flight 
speed of the a-irplane (for normal gross weight) far l eve l   f l i gh t  is about 
38 miles per hour, based. on the l i f t  coefficient of 10.75 a t  a = 69O. 
Calculations lnafcated t ha t  8n increase i n  the prqeeller-rotational speed 
of about 10 percent would be required  throughout the speed range inmat i -  
gated. The need f o r  this increase Fn propeller-rotational  speed  could 
probably be ellmhated by changhq the propeller b h d e  angle s l ight ly .  

m '. . 

* *  

me res~lta of a pre" investigation of a 1-ecae  mohl of a 
3 

convertible-type airplane in -&e Langley full-scale tunnel showed the 
f O l l a W l I l g  : 

1. E a r l y  air-flaw sepamticm a t  the wing center  section was caused 
by mutual interference  effects of the engine-air-duct i n s t a l l a t i o n 8  and 
an upright canopy on the w h g .  A6 8 result ,  the comparatively low value 
of mximun lift coefficfent of 0.m vas m a s m a  f o r  the complete model 
cmfiguratian w i t h  the propellers removed. W i t h  the enghe air ducts 
and canopy  removed, a maximum l i f t  coefficient of 1.31 was measured. 

2 Emtalling exteaded  spinners In the engFne-air ducts and 
extending the canopy afterbody  increased the naxhmm l i f t  coefficient 
of the model with the propellere removed. by 0.08 and 0.06, respectively. 

3. The model with the p r o p e ~ ~ ~ e r a  removed ( n o m  center-of-gravity 
location) has a poaitive static margin, s t l ck  fixed, varying f r a n  5 
t o  13. percent of We mean aerodpamic chord  throughout the unstalled 
range of l i f t  coefficients 

4 The unit horizontal tail is sufficiently powerful t o  t r im the 
airplane w i t h  'the propellera removed throughout the unstalled range of 
lift coef f icienta . 
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5 .  The efTect of tihe unit horizontal tail on the airplane 
longitudinal  stabil i ty,  a8 determined by the slope of the curve of tail 
pitching-moment coefficient agatmt angle of attack % ha  decreased 
from about -0 -0059 a t  angles of attack up t o  l2O t o  about -0.0022 for 
angles of attack greater than 12'. 

tl 

7 .  Propeller  operation  caused  large change8 in the lift of the 
model, especially a t  t h e  higher englee of'attack.  Calculations showed 
that about one-third to one-half' of the total   Increase in  lift due to 
propeller  operation a t  the high angles of attack wae due t o  the ver t ica l  
crsnponent 03' the thrust of the propellers. 

8. Baaed on a maximum l i f t  coefficient  of.  1-90, indicat ims are 
that the minimum forward-flight speed of the a i r p l a n e  hav- a gross 
weight of 16,750 pounds for  full-power  operation a t  sea level  (1200 bhp 
at 1085 r p )  w i l l  be  about 90 miles par hour. Decreaeing t h e  airplane 
weight and increasing  the power decreased t h i s  value of miniplum speed; 
euch tha t   fo r  15 percent  greater power and a 23 -6 percent  decreaee in 
weight, the minimum Elpeed waa abmt  42 miles per hour a t  a = 51.5O. 
The results did  not  Fndicate m y  lMt t o  the mFninnnn a p e d  provided 
the necessary changes i n  m r  and weight  could be made. . 

Langley Aeronautical  Laboratmy 
National  Advisov Commfttee f o r  Aeronautics 

Langley A i r  Force W e ,  Va. 

1. G l a u e r t ,  H. : Wind-Tunnel Interference on Aerof o i b .  R . & A. 1470, 
Britieh A.R.C., 1932. 

2. Dflrance, S m i t h  J.: The N.A.C.A. Full-Scale W i n d  Tunnel. ~ C A  
Rep* 459, 1933- 

. .  

3 .  Schuldenfrei, Marvin: Some 18Gtes on the Detelmnination of the Stick- 
Fixed Neutral Point from Wind-Tmnel Data. EACA RB 3120,' 1943. 
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No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

PROPEKGIlRS REMOVED 

\ 

Model configuration 

Ccmrplete  Model 

Same as 1 except canopy open 

Same as 2 except  fillets installed 

Same &a 1 except  engine-air-duct  inlets 
sealed with bulbow fairings 

~ a m e  as 4 axcept extended. m p y  a.f‘ter- 
body installed 

Same as 1 except engine-air outlets 
m e a l e d  

Same as 1 except engineair ducts 
removed 

Same a8 3 except extended aphners 
Fnete.lleiL 

same aa 8 except  upright  canopy and 
f ill .ete removed 

Baaic model 

c 
k 
0.97 

98 

-96 

1.05 

1.u 

1.19 

1.04 

1.11 

1.31 

Reference 
figure 

3, l-2 

”””””_ 

””“””_ 

5, 13 

6 ,  13 

13 

4, 14 
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Re l a t  ive W i M  

" 

I U 

Iif 

- 
Relative wlnd 

NATIONAL ADVISORY 

COHMITTEE FOR AEROWAUTICS 
.. - " 

Figure 1.- System of axes and control-aurface hinge maments and 
deflections. Positive values of force8, moments, and -08 

axe indicated by mm8. Poeftive values of tab deflections 
are in the same directions as the  positive values for the 
control ~urfaces t o  which  the tabs are attached. 
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Figure 5.- Details of conflguration 4 sharing engine-air-duct inlets 

sealed w i t h  bulbous fairing8. Bopenere removed. 
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COMMITTEE FOR AERONAUTICSI 



8 .- 

c -. - 



8 -. 

c 
.d " 

Figure 6.- Configuration 5 showing extended oanopy afterbody installed. 
Engineairduct  inleta eealed; p-opellers removed. 

NATIONAL ADVISORY 
COWWITTEE FOR AERONAUTICS. 
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Figure 7.- Details of configuration 8 showing extended spinners in e n g i n e  
aiAuct-s, fillets, and open canopy. El.opellers removed. 

NATIONAL ADVISORY 
C O " T E E  FOR AERONAUTICS. 
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Plan view 
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b. Side view 
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Figure 10.- Configuration 9 ahowing canopy installation removed. lkbended 
spinners Fnatalled; propellers removed. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 
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Figure EL.- Variation of % and V/DD with of the airplane for 
full-mer operation at sea level. 



Figure 12.- Variation of . %, %, and Cm with  a of a 1- scale mdel 

of t h s  airplane. Complete model configuration; propellere ,removed. 
3 
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. .. . 
Figure 13.- Comparison of maximum lif't coef'ficienta obtaaed w i t h  f ive  

model configuratiane. (See table II.) Propellers removed. 
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Figure 15.- Tuft observatians on the - -sca le  1 3 
Propellere removed. 

= 35.2"; CL = 0 . 9 5  

mdel of the airplane. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 
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(b ) Canfiguration 10. NATIONAL ADVISORY 

Figure 15 .- Concluded - 
COUWITTEE FOR AERONAUTICS. 
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Figare 18.- Variation of lift coefficient with ailavator deflection. 
m e 1  in complete configuration; 6 =' 6 = oO; sr = 00; 

&r, 9 R  
= 0'; propellers removed. 
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Figure 21.- Variation of pitch-nt coefficient with lift coefficient, 
&del in ccmplete  configuration; propellers removed. 
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Figure 22.- Variation of stick-fixed neutral points with lift  coefficient. 
M e 1  in complete  configuration;  propellers removed. 
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Figure 24.- Variation  of gitch-nsnt coefficient with lift  coefficient. 
C& = 0. W e 1  in complete  configuration; propellere removed. 
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Figure 25.- Variation of %, C D J  and C, with a of the model with the 
.- 

horizontal tail instal led and removed. W i c  model configuration; 
propellera removed. 
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Figure 26.- Variation of Increment of pltohingmament coefficient aue to hmieontal  tail with angle 
of attack. h l c  model configuration; propellers removed. 
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Figure 30.- The effect of righ-kilavator lab s e t t i n g  on the variation o f  CD with 8a. Mdel in. 
b l c  configuration; 8 oO;, S, = Oo; prope~~ars removed; 61 = Oo. %' 
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Figure 35.- Variation of %,, C2, and C, with right-ailavator  deflection 

on a I- scale model of the airplane. Left-ailamtor fixed; propellers 
removed3 V -= 100 milee per hour; & = Oo; basic model configuration. 
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- L. Figure  36.-Vmiation of a, k, and C, w i t h  r igh t - a i l an to r  defleotion 
on a 3-scale model of the airprplauls. Left-ailavator flxeed; propellers 
removed; V = 100 miles per hour; S, = 0’; basic model configuration. 
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Figure 37.- Variation o f  C+ k, and C2 with S, on a &-scale model 3 
of the airplane. Propellers removed; basic model configuration; 
V = 100 miles per hour. 
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F i v e  38.- Variation of %, CD, and C y  with Sr on a -"scale model 1 
3 

of the airplane .  Propeller8 removed; ba6ic d e l  configuration; 
V = 100 miles per hour. 
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(a) V a r i a t i o n  of Cp with V/nD. 

Figure 39.- Typical m e a  ehowing propuleive chfracteristics. Basic 
model configuration; control surfaces neutral. 
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(1) Tarriation of Qe w i t h  V/nD. 

Figure 39 .- Continued. 



( c )  Vaxiation of 7 with V / d .  

Figure 39 .- Concluded. 
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- *  (a) B = 200. (b) B = 30'. 

Figure 40.- Variation of Cp, Or,, and 7 with V/nD. Basic d e l  

configuration; all control Burfaces neutral; data for l3 = 200 
obtained w i t h  win@ip support. 
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Figure 41.- Variation of Cp, C T ~ ,  and C , e / c ~  with p of 

the model propellers. Basic model configuration; 
v/nD,.O; data for p = 200 obtained with wing-tip support. 





.. 
-*- 

. - .  

. .  
t 

NACA RM LgC29 73 

- a  Figure 42 .- Variation of with Q/-. &sic model configuration; 
propenera operating; all control surfaces neutral; data B = 20' c m e s  
obtained with wing-tip support. 
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(a) = 3O. 

Figure 43.- Variation of4 CL, C+ and V/nD with Qc for several 
propeller blade angles. Basic model configuration; all control I 

surface8 neutral. 
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(a> % = 15O. 

Figure 43.- Continued. 
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(1) = 48O. 

Figure 43.- Continued. 
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(k) = 60'. 

Figura $3.- Continued. 
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(m) a, = 8 4 O .  

Figure 43.- Concluded. 
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( c )  % = 14'. 

Figure 44.- Continued. 
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(a) cc, = 29'. 

Figure 44.- Continued. 
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Figure 45.- Curves ueed for the determination of f l igh t  propellm- 
operating lift coefficients frammodel data. H a l  curves 
duplicate airplane % against for =-power operation; 
basic d e l  configuration; all controle neutral. 
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Figure 46.- Curves ueed for the determFnation of flight propellerc- 
operating l i f t  coefficients from &el data at B = 11.5~. Basic 
model configuration; all controle neutral .  
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(a) % = 42O. 



(b) % = 48O. 

Figure 47.- Continued. 
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(a) a, = 60'. 

Figure  47.- Continued. 
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Figure 48.- Taxiation of HPreq, CL, V/nD, and a with  V for level- 
f l i gh t  conditione at fl = 11.5*. All control surfaces neutral; 
n o m 1  gross welght, " 


