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~EliIORARDUT~l REPORT 

for t h e  

4rmy A i r  Forces,  I J a t e r i e l  Command 

STABILITY AMD COIJTROL TESTS OF A 3/4-SCALE I't'lOEEL OF 

~ € 1 2  xp-59 AIRPLANE m THS NACA F U L L - S C A ~  TUNIJZL 

B;- H a r o l d  H. Sweberg 

ITJTPOXJC T I  ON 

A t  the  r eques t  of the  Army A i r  Forces ,  Ma te r i e l  Command, 

t e s t s  have been made i n  the  l?dcA f u l l - s c a l e  tunne l  t o  d e t e r -  

mine the  l o n g i t u d i n a l -  and l a t e r a l - s t a b i l i t y  and c o n t r o l  

c h a r a c t e r i s t i c s  o f  a 3/,!+-sccle model of t h e  XP-69 a i r p l a n e .  

The XF-69 a i r p l a n e  i s  a s ingle-engine,  low-wing mmoplane 

w i t h  d u a l - r o t a t i n g  p o p e l l e r s .  

by means of a rear-underslung duc t ing  system. 

s t a b i l i t y  data  on a i r p l a n e s  equlpped with d u a l - r o t a t i n g  pro- 

pellers are ineager, the ef 'Pec ts  of p r o p e l l e r  ope ra t ion  on 

the  s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s  of t h i s  a i r p l a n e  

a r e  of p a r t i c u l a r  i n t e r e s t .  

I 
Englne coo l ing  i s  obta ined  

Inasmuch as 

I 

The d a t a  include ir:easurermnts of t h e  f o r c e s  and moments 

an t h e  model a t  var ious  a x l e s  of a t t a c k  and angles  o f  yaw. 

These measurements were nade :';ith the p r o p e l l e r s  removed and 

o p e r a t i n z  and wi th  the  landing  f l a p 3  r e t r a c t e d  ar,d d e f l e c t e d .  

The e f f e c t s  of elevc?tor,  r u d d e r ,  and a i l e r o n  d e f l e c t i o n  on 

con t ro l - su r face  e r f c c t i v e n e s s  and on hinge moments were 

determined. The genera l  na ture  o? t h e  slipstream behind 
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d u a l - r o t a t i n g  p r o p e l l e r s  W a c  investigated by surveys o f  the 

v e l o c i t y  and d l r e c t i o n  o f  the  a i r  flow i n  t he  reZion o f  t he  

t a i l  plane t i l t h  t h e  F r o p e l l e r s  reniovad end ope ra t jng .  

SYrhBOLS 

drag  c o e f f i c i e n t  

r e s u l t a n t  drag  coeff i c i e n t  with propellers opera t ing  

l c t e r d - f o r c e  c o * s f f i c i e n t  

l i f t  coefi":c i e n t  

rolling-moment c o e f r i c f e n t  

pitchfnz-moment c o e f f i c i e n t  

yawing-moment c o e f f i c i e n t  

e l e v a t  o r  hinge -mon;ent coezf'ici c n t  

rudder hinge-moxent coef t i c L e n t  

(qo::cJ 
a i l e  r on h k g  e -l.ione;? t c o e f f L c i a n t  

where 

X 

Y 

Z 

L 

f o r c e  alonf, X a x i s ,  p o s i t r v e  when diT7tcted backward 

f o r c e  along Y a;c1s, p o s i t i v e  when d l r e c t e d  t o  rZght 

f o r c e  a long  2 axis,  positLve whon d l r e c t s d  upward 

r o l l i n g  mor2ent about X axis ,  y o s i t i v ~  when it tends  t o  

depress ths  r i g h t  wing 

&I p i tc l i lng moment about Y axis ,  g o s i t f v e  when i t  t e c d s  

t o  C e y m s c  t h e  t a l l  
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yawing moment about the  Z a x i s ,  p o s i t i v e  when i t  tends 

t o  r e t a r d  the r i g h t  wing 

e l e v a t o r  hinge moment, p o s i t i v e  downward 

rudder  hinge moment, p o s i t i v e  toward l e f t  

a i l e r o n  hinge mcment, p o s i t i v e  downward 

f r ee - s t r eam dynsmic pressure  ($pV,2) 

mass d e n s i t y  of' a i r  

f ree-s t ream voloci+,y 

mean aerodynamic chord 

ubing span 

e l e v a t o r  a r e a  a f t  of  hinge 

rudder  a r e a  a r t  of hinge 

a i l e r o n  a r e a  a f t  of hinge 

r o o t  mean square e l eva to r  chord 

r o o t  rneafi square rudder chord 

r o o t  mean square a i l e r o n  chord  

e f f e c t i v e  t h r u s t  c o e f f i c i e n t  

engine power power c o e f f i c i e n t  ( pn3D5 
ef i 'act lve,  t h r u s t  e f f e c t i v e  t h r u s t  c o e f f i c i e n t  

p r o p e l l e r  ef  f ' i c i  ency 

prope 11 er adwince - d i  81118 t e r  r a t i o  

p r o p e l l e r  r o t a t i o n a l  speed 

PF b l a d e  angle  of f r o n t  p r o p e l l e r  



blade angle of r e a r  p r o p e l l e r  

p r o p e l l e r  diarne t e r  

chord of wing d i r e c t l y  behind p r o p e l l e r  

span o f  t h a t  p a r t  of wing immersed i n  t h e  s l i p s t r e a m  

increment of' l i f t  c o e f f i c i e n t  due t o  p r o p e l l e r  c p e r a t i o n  

increment of  l i f t  c o a f i i c i e r , t  due t o  p r o p e l l e r  t h r u s t  

f o r c e  , 

increment of  l i f t  coef f ' i c ien t  due t o  normal f o r c e  on 

a pi.opeller i n c l i n e d  t o  the air st rcam 

increment of  15ft coeTf i c i cn t  d.Je t o  the passage o f  t h e  

s 1 ip s t r e ar,l over' VJ in[; 

increnent  o f  pitcfS.nc;-moni:nt c o e f f i c i  e n t  

propeller opzrc t ion  

incTement or pitching-Fornent ccef f  i c i e n t  

pel ler t h r u s t  f o r c e  

incrernent of  pitchii1g-noi:1ent cocf f  i c i e r , t  

f o r c e  on a 2 r o p e l l o r  i n c l i n e d  t o  the a 

increment of pitching-moment coef f  icfeEt 

of  s l i p s t r e a x  over  t h e  wlng 

due 

due 

due 

t o  

t o  pro-  

t o  normal 

r s ,ream 

due t o  passage 

pitching-moment c o e f f i c i e n t  due t o  t h e  horizontal t a i l  

sur face  

angle  of a t t a c k  o f  t h r u s t  a x i s ,  degrees  

angle of yaw, degrees ;  p o s i t i v e  v;hen l e f t  wing noves 

f o rw a r d 

r 



- 5 -  

P 

1 '  

I 
' Y  

i c  
! 

it 

€av 

€P 

angle o f  s t a b i l i z e r  s e t t f n g  wi th  r e s p e c t  t o  t he  

t h r u s t  axis, degrees; p o s i t i v e  wi th  t r a i l i n g  edge 

down 

e l e v a t o r  d e f l e c t i o n  (wi th  r e s p e c t  t o  s t a b i l i z e r  chord)  

degrees;  p o s i t i v e  when t r a i l i n g  edge of e l e v a t o r  i s  

moved down 

rudder  d e f l e c t i o n ,  degrees;  p o s l t i v e  when t r a i l i n g  

edge of rudder i s  moved t o  l e f t  

a i l e r o n  d e f l e c t i o n ,  degrees;  p o s i t i v e  when t r a i l i n g  

edge of a i l e r o n  i s  moved down ( s u b s c r i p t  L denotes  

l e f t  a i - leron)  

e l e v z t o r  t a b  d c f l e c t i o n ,  degrees 

rudder  t a b  d e f l e c t i o n ,  degrees  

a i l e r o n  tab d e f l e c t i o n ,  degrees  

total dei'lcction of b o t h  a i l e r o n s ,  degrees 

l o c a l  dowllwash angle a t  tail measured r e l a t i v e  t o  

f r e e  -s  t r e  am d i r e c  t l o n ,  degrees  

average downwash angle across  e l e v a t o r  hinge l i n e  

a s  found f rom a i r - f l o v  surveys,  degrees  

p r o p e l l e r  downwash angle a t  wing c e n t e r  of p re s su re ,  

degrees 

l o c a l  dynarric p re s su re  

l o c a l  v e l o c i t y  
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( q/qo 1 av  average dynamic-pressure r a t i o  a c r o s s  e l e v a t o r  
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hizge  l i n e  as found f r o m  a i r - f low surveys 

v e l o c i t y  inc renen t  f a c t o r  back of  p r o p e l l e r  d i s k  

l i f  L-cwve s lope  for i n f i n i t e  a spec t  r a t i o  

s e c t i o n  l i f t  c o e f f i c i e n t  

r o l l i f i g  v e l o c i t y ,  r ad ians  p e r  second 

e n p i r i c a l  f a c t o r  used in ;'ormula for i nc rease  i n  

l i f t  of wing dLis to s l l p s t r a a l  v e l o c i t y  

DESCHIPTION CF ISODEL 

A sumiary o f  p e r t i n e n t  c h a r a c t e r i s t i c s  of  t h e  full-scale 

ver s ion  o f  t h e  XP-69 a i r21m.e  i s  given below: 

Gross weight, lb . . . . . . . . . . . . . . . . . .  18,000 
Engine - Wright Aeronaut l sa l  Carp. . . . . . . . .  2-2160-3 
Normal rat1n.q - 23'30 bhp a t  rprn, s e a  l e v e l  - 

t o  35,000 ft a l t i t uc?e  

35,009 r"t a l t i t i t d e  
M i l i t s r y  r a t i n g  - 250C bkp a t  ! d O O  rpm, sea l e v e l  t o  

P r o p e l l e r s  - two three-Slade,  dual-YotatLng 
Wng a rea ,  sq f t  . . . . . . . . . . . . . . . . . . . .  505 
Wing span, ft . . . . . . . . . . . . . . . . . . . . .  52 
Mean ae-lodynar.i.ic cfiqrd, rt . . . . . . . . . . . . . .  10.34 

Inboard . . . . . . . . . . . . . . . . . .  NACA 662-114 
Outboard . . . . . . . . . . . . . . . . . .  NACA 662-213 

Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . .  5.32 

Washout . . . . . . . . . . . . . . . . . . . . . .  2' 30' 
Aileron area ,  art of hinge l i n e ,  s y  f t  ( t o t a l )  . . . .  35.6 Hor izonta l  t a i l  a r ea ,  s q  f't ( t o t a l )  . . . . . . . . . .  102 

61.2 

e l e v a t o r  a r e a ) ,  sq f t  . . . . . . . . . . . . . . .  4J. 8 
V e r t i c a l  t a i l  a r e a ,  sq f t  ( t o t a l )  . . . . . . . . . .  49.7 
F i n  a rea ,  Lsq f t  . . . . . . . . . . . . . . . . . . .  27.4 

rudder  a r e a ) ,  s y  r't . . . . . . . . . . . . . . . .  22.3 

Airfoil sec t ion :  

Angle of incidence,  r e l a t i v e  to t h r u s t  line . . Po 43,75' 

S t a b i l i z e r  area, s q  f t  . . . . . . . . . . . . . . . .  
E l s v a t o r  a rea  ( i n c l u d i n g  balance - 22 p2:rcent 

Rudder areb ( i i i c i~~d ln l . ;  balance - 16 percen t  

F l ap  a rea ,  sq f't ( t o t a l )  . . . . . . . . . . . . . . .  66.6 

I 

r 

i 
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A three-view drawing showing t he  important dimensions o f  . 

the  3/1c-scale model o f  tho  XP-69 a i r p l a n e  i s  given i n  fig- 

u r e  1, Tne o u t e r  su r f aces  of t h e  model were cons t ruc t ed  

oi' sheet alminlmi which was covered with a p l a s t i c  f i l l e r  

and sandsd t o  a smooth f i n i s h  beforc: t h e  t e s t s  were made. 

Two 10-foot-diameter  d u a l - r o t a t i n g  p r o p e l l e r s  of f ' ixed- 

p i t c h  c o n s t r u c t i o n  were used t o  sirnulAte the  f u l l - s c a l e  

a l r p l a n e  p r o p e l l e r  unit, Power was supp l i ed  t o  the propel-  

l e r s  by two 25-horsepower e l e c t r i c  m o t o r s  i n s t a l l e d  i n  the 

f u s e l a g e .  The f r o n t  motor was d i r e c t l y  cormected t o  t he  

f r o n t  p r o p e l l e r ,  while the  r e a r  moto r  drove the r e a r  pro-  

p e l l e r  through chains  and a coun te r sha f t .  The motor  frames 

were supported i n  a c r a d l e  s o  t h a t  they  were f r e e  t o  r o t a t e .  

about t h e i r  axes and were r e s t r a l n s d  froin r o t a t i n g  by means 

of h e l i c a l  sp r ings  connected t o  t h e  support ing frame. The 

angular  d e f l e c t l o n  o f  the m o t o r  franc s e x e d  as a measure of 

the  m o t o r  to rque .  

Balanced, s l o t t e d  f l a p s  were used as a h igki - l i f t  device.  

When d e f l e c t e d ,  the f l a p s  rioved t o  the r e a r  and down and 

means w e m  provrded for .several f la2-angle adjustments  

ranging r ~ o m  5 O  t o  ! loo, 

Both t h e  s l l e r o n s  and the e l e v a t o r s  were o f  the sea l ed  

hinge-type cor i s t ruc t ion .  The 
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c o n t r o l  sur faces  were s t a t i c a l l y  balanced by means o f  l e a d  

weights placed forward of t he  hlnge l i n e s .  

t r o l  su r f aces  were equipped wi th  ba lanc ing  t zbs  which cou ld  

be ad jus ted  t o  give various r a t i o s  of t a b  d e f l e c t i o n  t o  con- 

t r o l  sur face  d e f l e c t i o n .  

All of t he  con- 

KZTHODS i?i;G TSSTS 

Figure 2 shows t h e  3/! .~-scaie nodel  of t h e  XP-69 a i r p l a n e  

mcunted i n  the  NACA f u l l - s c a l e  turmel ( r e f e r e n c e  1). 

methods by which t h e  d a t a  were c o r r e c t e d  for jet-boundary 

and blocking e f f e c t s  a r e  discussed i n  ref'e=.ences 2 and 3 .  

The ' 
l 

I 

Tes t s  with propellers renoved were made through a range 

I of angles  of a t t a c k  arid tunr,el a i r speeds  ta determine s c a l e  

e f f e c t  o n  the model. I n  o rde r  t o  aetermirie t he  s t a b i l i z e r  

angle  for t r i m  a t  t ne  d ive  l i r t  c o e f f i c i e n t ,  

t e s t s  were made a t  two s t a b i l i z e r  s e t t i n z s  wi th  t h e  propel -  

l e r s  removed. The r e s u l t s  o f  these t e s t s  a r e  shown in f ig -  

u r e  3 .  The s t a b i l i z e r  s e t t i n g ,  1.6', determined from these  

t e s t s  was na in t a ined  f o r  mos t  of the  fo l lo iv ing  t e s t s .  

CL = 0.085, 
i 
~ 

~ 

The aerodpamic  c h a r a c t e r i s t i c s  o f  t h e  d u a l - r o t a t i n g  

p r o p e l l e r s  were det6rYiiined p rev ious ly  i n  the  UACA p r o p e l l e r -  

r e s e a r c h  tunns l  ( r e f e r e n c e  4). Tlie p r o p e l l e r s  as i n s t a l l e d  

on the  XP-69 node1 ax'e shown I n  f i z u r e s  2 and /$. 

c u l a t i o n s  shoVJec1 t h a t  a t  a p r o p e l l e r  b lade  angle  of  about 

28' very  l i t t l e  e r r o r  vias in t roduced  by o p e r a t i n g  a t  cons tan t  

A few c a l -  
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blade angle t o  simulate the f u l l - s c a l e  constant-speed pro-  

p e l l e r .  i n  'order t h a t  the r e a r  p r o p e l l e r  absorl3 the  same 

amount of power a t  the peak e f f i c i e n c y  cond i t ion  as the  

f r o n t  p r o p e l l e r ,  the  blade angle of the  r e a r  p r o p e l l e r  was 

s e t  a t  27.7' wi th  a blade-angle s e t t h g  o f  28' f o r  t h e  front 

pro;?e l le r .  The n e c e s s i t y  f o r  t h i s  d i f f e r e n c e  i n  blade 

angle  can be explained by  the fact t h a t  the  front p r o p e l l e r  

i n t roduces  a r o t a t i o n a l  component t o  the  s l i p s t r e a m  which 

i n c r e a s e s  t h e  angle  of  a t t w k  o f  t he  rear p r o p e l l e r .  It 

i s  then necessar;r t g  reduce the b l ade  angle o f  the r e a r  pro- 

p e l l e r  t o  o f f s e t  t h i s  increased angle  of a t t a c k  ( r e f e r e n c e  4). 
The aerodynamic c h a r a c t e r i s t i c s  o f  t h e  d- l a l - ro t a t ing  pro-  

pel1ei.s on the  XP-69 model r ? t  a'ognut. z e r o  l i f t  c o e f f i c i e n t  are 

shown i n  figure 5.  These r e s u l t s  arid t he  r e s u l t s  of ref- 

erence 4 a r e  i n  c l o s e  agreement. 

The c h a r t  o f  Tc aga ins t  CL ?or the  power-on t e s t s  

was f u r n i s h e d  by  the  Iiepublis Aviat ion Corporat ion and is  

given i n  f i g u r e  6 for 

35,300 f e e t  a l t i t u d e .  ipor the idling-power cond i t ion ,  a 

value of Tc = 0.045 a t  CL = 1.7 was furnished and t h i s  

t h r u s t  c o e f f i c i e n t  was used throughout t he  l i f t  range t o  

s imula te  the  idling-power condi t ion .  

opera t ion  a t  s e a  l e v e l  and a t  

The va lues  of t h r u s t  coe i ' f ic ien t  used t o  sfmulate t he  

f l i g h t  a t t i t u d e  of the yawed nodel  viere chosen t o  be the 
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same  E ~ S  those of t h e  unyawod model. . Since t h e  Lif t  eoeff'i- 

c i e n t  decrcnses with i n c r e a s i n g  p w  a n g l e ,  $his procedu.re does 

no t  r e p r o d x e  exactly the a i r p l a n e - p r o p e l l e r  c o n d i t i m s  a t  

l a r g e  angles  o f  yaw. For t h e  yaw angle range t e s t e d  

($ = 'l5'), however, t h i s  method p r o b a b l y  does no t  intpoduce 

any s e r i m s  er rors .  

Tes ts  were, made wi th  tlie f lo r izoxta l  Sai.1 mmovsd and 

attached, in .  each case wi th  the  2rcpe i le rS  removed and opsrating. 

Each condi t ion  inc ludee  t c s t s  t t t h  t h e  landing  f l a p s  r e -  

t r a c t e d  and deflected. .  The lar,dlng gear vies removed f o r  all 

of the  t e s t e .  hlea.;i.~rernents w9i-e also taken of' t h e  e l e v a t o r  

con%rc l  e f f e c t  is'eries:; m d .  h inge  mmients a t  s e v c r a l  angles  of 

a t t a c k .  Via e f f e c t ;  cf e lova to?  t a b  posltion on tne hinge 

mr moments arid on tke pftcirh-q; nlorni:.r!ts tictrz Lietemiiried. llle 

e l e v a t o r  hinge fiiornenta were measured by means of  a c a l i b r a t e d  

torque rod ,  tne dei ' lect ion of  which was inuicaked by Selsyn 

motors l oca t ed  in t h e  fuse loge  s n d  in the  t e s t  house .  

A l l  the t e s t s  w i t h  tl-iri model yawed were made with t h e  

h o r i z o n t a l  and th . j  ver t i sc i l  tail sxri'aces s t t a c h e d  t o  tne 

model and with the  j x o p e l l e r s  Qpera t ing .  The  r,iodel a t t i -  

tudes f o r  each m g l e  o f  yaw fnc:!-udcd kj.@i r p e e d ,  clirnbiny, 

and l a r d i n g .  Yiith t h e  moclel i n  t h e  hi.@-i-sp2ed 2nd climbirlg 

a t t i t u d e s ,  the  n e a s a r m m t s  wen6  made a t  t h r u s t  c o e f f i c i e n t s  

approximately s imula t ing  t h e  f u l l -  m u  hai f  - r a t e d  power 8 
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i c  

d 

cond i t ions  a t  ssa l e v e l ,  Nfth t he  model i n  t h e  l and ing  

a t t l t u d e ,  the measurements were nsde wi th  the l anding  flaps 

def l ec t ed  IkGo a t  t h r u s t  c o e f f i c i e n t s  approximately simu- 

lating the i d l l n c  and h a l f - r a t o d  power (approach a t t i t u d e )  

cond i t ions  a t  sea l e v e l .  i?or each power cond i t ion  and 

model a t t i t u d e ,  measurements viere made of t he  rudder  c o n t r o l  

e f f e c t i v e n e s s  an+. hinge moments. 

The nethod f o r  meassring the  rudder hinge moments was 

similar t o  that used for :Iieasurinp the  e l e v a t o r  hinge 

mements. Sone t e s t s  mere made t o  determine t k  e f f e c t  of 

t ab  p o s i t i o n  o n  the  rudder hinqc moments and yawing moments, 

The e f f e c t s  of' yaw anE;lc on the e l e v a t o r  c o n t r o l  e f f e c t i v e -  

riess and hinge? nonents have a l s o  been determined. The model 

is shown yawed 15.1' in the  f u l l - s c a l e  tunne l  i n  fi;gure 7 .  

The t e s t s  to determine the a i l n r o n  c o n t r g l  e f ' fec t ive-  

nes s  and hinge moments were made with o n l y  t h e  l e f t  aileron 

d e f l e c t e d .  A l l  these  t e s t s  were macle ivith t h e  p r o p e l l e r s  

removed. The a i l e r o n  hinse rfloments wer9 neasured by means 

of 8 c a n t i l e v e r  beam equipped vulth a strain gage f o r  i n d i -  

c a t i n g  its d e f l e c t i o n .  The ail.;x.on a n g l e s  were measured 

by recarcling the  cbange i n  r e s i s t a n c e  of a r h e o s t a t  which 

v a r i e d  according t o  t h e  movement of t L e  a i l e ron  c o n t r o l s .  

The t e s t s  wer? made wi th  t h e  node l  l r l  the  yawed and unyaived 

cond i t ions  a t  sc-vera1 angles of a t t a c k .  The e f f e c t s  on 
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a i l e r o n  con t ro l  e f f e c t i v e n e s s  nnd hinge moments of  i n s t a l l i n g  

cmnons (fig. 8 )  and gaso l ine  tanks (fig. 9 )  on the vfing of 

t he  model have been 2e  termined. Tes t s  were a l s o  made t o  de- 

terrnine the  e f f e c t  of t a b  p o s i t i o n  on the  a i l e r o n  hinge moments 

and rolling moments. 

Sirrveys viere made o f  the v e l o c i t y  and d i r e c t i o n  of the  

a i r  flow i n  the r eg lon  of the t a i l  p l ane .  For t hese  t e s t s ,  

the  h o r i z o n t a l  and the v e r t i c a l  t a i l  su r f aces  were removed 

f r o m  the mode l  (fie. 1 0 ) .  The sllrveys were made with p r o -  

p e l l e r s  removed and opc?rating and for both cases  included the  

cond i t ions  f o r  f l a p s  r c t r a c t e d  and f l a p s  d e f l e c t e d  .!too. 

complete d e s c r i p t i o n  oi" the  appars tus  used f o r  t h e  surveys 

i s  givan i n  r e fe rence  5 .  

A 

RZS3LTS A N 3  D I S C U S S I O N  

The r e s u l t s  of t h e  t e s t s  have. been analyzed and are  

presented  i n  t h r e e  p a r t s .  The  f ' P r s t  p a r t  deals w i t h  the  

r e s u l t s  o f  t he  t e s t s  t o  2etermine t h e  l o n g i t u d i n a l - s t a b i l i t y  

c h a r a c t e r i s t i c s  of  the  model and fnc ludes  measurements w i th  

the  t a l l  sur faces  rerno-Jed and a t t ached  and with the pro- 

p e l l e r s  removed and operat i i ig .  The c o n t r i b u t i o n s  o f  t h e  

h o r i z o n t a l  t a i l  swrfaze, t he  wing-fuselage cocibination, and 

the  p r o p e l l e r s  t o  l o n g i t u d i n a l  s t a b i l i t y  a r e  d iscussed  i n  

t h i s  s e c t i o n .  TYle second p a r t  d e c l s  w i t h  the l a t e r a l  char-  

a c t e r i s t i c s  of t he  model and inc ludes  bo th  the  yawing- and 

t 
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r o l l i n g - s t a b i l i t y  d s t a .  The r e s u l t s  of  t he  a i r - f low s u r -  

veys a r e  di3cussed i n  the t h i r d  p a r t .  

The  r e s u l t s  o f  the  t e s t s  a r s  presented  by means of 

(\1 the  s t anda rd  NACA c o e f f i c i e n t s  of f o r c e s  and moments. All 
2- 

I of  t he  moments have been taken about t h e  c e n t e r - o f - g r a v i t y  
d ,  

p o s i t i o n  i n d l c a t c d  i n  f i g u r e  1. The d a t a  a r e  r e f e r r e d  t o  

the s t a b i l i t y  axes .  The X a x i s  i s  t h e  i n t e r s e c t i o n  of' the 

p lane  of s jxmst ry  of the a i r p l a n e  with a plane pe rpend icu la r  

t o  t h e  plane of  symmetry and p a r a l l e l  with the r e l a t i v e  wind 

LO 

d i r e c t i o n ;  t he  Y a x i s  i s  perpendicular  t o  the  p lane  of sym- 

metry; and the  Z a x i s  1s  i n  t h e  p lane  of  symnietry and per -  

pend icu la r  t o  the X P X ~ S .  

Longi tudinal  S t a b i l i t y ,  Control ,  and T r i m  

Tail-removed t e s t s .  - The r e s u l t s  of t h e  t e s t s  with t h e  -- 
p r o p e l l e r s  and the  h o r i z o n t a l  and v e r t i c a l  t a i l  s u r f a c e s  

removed a r e  shown i n  f i g u r e  11. The s l o p e s  o f  t he  curves 

of C, a g a i n s t  CL ( f i g .  11) i n d i c a t e  only a s l i g h t  degree 

oi' l o n g i t u d i n a l  i n s t a b i l i t y  f o r  t h e  tail-removed cond i t ion .  

This i s  expla ined  by the  f a c t  t h a t  t h e  c e n t e r  of  g r a v i t y  i s  

l o c a t e d  f a i r l y  well forviard on t h i s  motel ( 2 5  percent  M . A . C . ) .  

'Jith f l a p s  r e t r a c t e d ,  the  loc , r t ion  of' the n e u t r a l  p o i n t  of 

the model without  the  ta i l '  was measured t G  be  about Cl.CQ5z 
ahead o f  t h e  cef i ter  of g rav i ty .  A s l i g h t  decrease o f  

l o n g i t u d i n a l  i n s t a b i l i t y ,  res1Alting f r o m  t h e  rearward shif t  

of t h e  c e n t e r  of' p ressure  with f l p p  d e f l e c t i o n ,  was o b t a i n e d ,  
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of the n e u t r a l  p o i n t  of t h e  rnodel without  the t a l 1  f o r  t h e  

f l a p s - d e f l e c t e d  cond:itlon was about O.OO3C 

c e n t e r  o f  g r z v i t y .  

ahead of  t h e  

The e f f e c t s  o f  p r o p e l l e r  ope ra t ion  on the  ac rodynmic  

c h a r a c t e r i s t i c s  of  t he  model wi thout  t he  t a i l  are shown In 

f i g u r e s  12  and 13 f o r  ' the model with f l a p s  r e t r a c t e d  and 

w i t h  f l a p s  d e f l e c t e d  bo0, r e s p e c t i v e l y .  

f l a p s  r e t r a c t e d  ( f i g ,  12), p r o p e l l e r  ope ra t ion  W E A S  des t a -  

b i l i z i n g ,  a l though t h e  decrease i n  s t a b i l i t y  was n o t  a d ' i rect  

f u n c t i o n  of the smolint o f  power app l i ed .  The d e s t a b i l i z i n g  

e f f e c t  of  p r o p e l l e r  ope ra t ion  on the model wi thout  t h e  t a i l ,  

F o r  t h e  model with 

, flaps r e t r a c t e d ,  n:ay be a t t r i b u t e d  t o  the  d i r e c t  e f f e c t  o f  

t h e  p r o p e l l e r  f o r c e s  v.hich a m  d e s t a b i l i z i n g  f o r  a l l  p o s i t i v e  

angles  of a t t a c k .  

t i o n  was destabilizing when i d l i n g  govier wzs EL p g l i e d ;  with 

h a l f - r a t e d  powsr a p p i l e d ,  however, propeller o p e r a t i o n  was 

s t a b i l i z i n g .  This cond i t ion  r e s u l t s  f rom t h e  f a c t  t h a t  t he  

l a rge  negat iva p i t c h i n g  moment resulting from f l a p  d e f l e c t i o n  

is increased  wi th  increased  s l i p s t r e a m  v e l o c i t y  over  t h e  wing. 

Since, for cons tan t  power opera t ion ,  t h e  t h r u s t  and t h e r e -  

f o p s  t h e  sl ipstr6;am ve . loc i ty  i n c r e a s e s  w i t h  lfft c o e f f i c i e n t ,  

the inc rease  i n  ne,gat ivs  p i t c h i n g  moment w i l l  be  g r e a t e s t  i n  

t h e  h i g h - l i f t  rang?. 

btfth f l a p s  d e f l e c t e d  40°, p r o p e l l e r  opera- I 
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The change i n  p i t c h i n g  zornent due t o  p r o p e l l e r  ope ra t ion  

the  
for %he model w i t h c u t / t a i l  me.y be determined f r o m  consfdera-  

%ions  of t he  d i r e c t  e i ' fect  o f  t h e  p r o p e l l e r  f o r c e s  m d  of 

the s l i p s t r e a m  e f f e c t  on the wing p i t c h i n g  monents. It i s  

o f  i n t c r e s t  t o  cornpare the  e f f e c t s  of' pro;se l le r  operation 

on p i t c h i n g  monents as calci l la ted f r o m  these  cons idera t i .ons  

with the experimental  vzlues.  The t o t a l  change o f  p i t c h i n g -  

moment c o e f f i c i e n t  o f  the nodel w i t h o u t / t a i l  may be ca lcu-  

l a t e d  i ' rom t h e  fol lowing equation: 

the 

The tcrm ACmP i s  thi: t o t a l  change i n  pitching-moment coef -  

f i c i e n t  due t o  pi-opeller operat ion,  bCmT and AC,,, rep-  

resent the clionge due t o  the d i y e c t  e f f e c t  o f  t he  propel . ler  

f o r c e s ,  and ACmS i s  the  chmge of  wing pitching-moment co-  

e f f i c l e n t  due t o  the sl ipstream. For  s ing le-engine  a i r p l a n e s  

wi th  f l a p s  Yet ras ted ,  ACms i s  usually very small  and may 

be neglec ted  ( r e fe rence  6 ) .  

ences 6 and 7, the t o t a l  chcngc i n  pitcli inpmoment coef ' f i -  

c l e n t  due t3 pro;ielle? opertltion, ACmp, has  been calcu-  

l a t e d  f o r  the  f l a p s - r e t r a c t e d  cond i t ion  with f u l l - r a t e d  

Gsing t h e  methods o r  refer- 

pov;er app l i ed  and for t h e  F laps-def lec ted  cond i t ion  w i t h  

h a l f - r a t e d  power app l i ed . .  

t he  experimental  and ca.lculated 0Cmp i n  f i g u r e  14. The 

agreeriient shown is good. 

A coriiFarison i s  given between 
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Prope l l e r  ope ra t ion  increased  thc, s lope  of t h e  l i f t  

curve of the m g c l e l  wi thout  t k e  t a l l ,  t h e  Increase  being ap- 

pr*oxirzatel;r p r o n o r t i w i z l  t o  the miount, of power a r p l i e d .  

The increase  i n  dCL/dc, w i th  povier r e s u l t s  from t he  d i r e c t  

e f f e c t  ol" t h e  p r o p e l l e r  f o r c e s  arid €'-on t h e  s l i p s t r e a q  e f -  

f e c t s .  Inasmuch a s  the  lift soef'f'icj.ents of t he  s e c t i o n s  

irnmersec i n  t he  s l i p s t r e a m  Ere g r e a t e s t  when f l a p s  a r e  de- 

f lec tec l ,  t h c  i nc rease  i n  lYt  d'x t o  p r o p o i l e r  ope ra t ion  wlll 

be g r e a t e s t  f o r  t h e  €'laps-deflected cond i t tons .  The increase 

in lift coefficient diie t o  p r o p l l e l '  opc ra t ion  izay be cnlcu-  

culatec! by means o f  the e x p r e s n +  oAon 

AC = A G L ~  +- ACL,, + ACL, LP i b  

where 

p r o p e l l e r  oy?eration, A C L ~  and A C J - : ~  a r e  the  increments due 

t o  t h e  df;-ect e f f e c t  o f  t h e  propellei1 f o r c e s ,  and 

t h e  change i n  wing l l r t  c o e f f i c i e n t  due t o  the s l i p s t r e a m .  

For t h e  lncrernent of l i f t  r c s l i l t i n g  from t he  passage of the  

s l i p s t r ea r1  over  a p a r t  of  t h e  wing, tiis semlgmpirical  formula 

of r e fe rence  8 has bsen Pound t o  g ive  s a t i s f a c t o r y  agreement 

wit'n ex2erimental  d a t a ;  tiins, 

ACL? i s  the  t o t a l  change in l i f t  c o e f f i c i e n t  due t o  

GCL, is 

The f a c t o r  A ,  in t roduced because of t h e  chmge  i n  c i r c u l a t i o n  

over t h e  wing, mcy be taken a s  1.0 for t h e  f l a p s - r e t r a c t s d  
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condi t ion .  With f l a p s  de f l ec t ed ,  however, owing t o  the  

marked e f f e c t  of t h e  s l i p s t r eam on the  flapped-wing vor t ex  

system, the  value of h 1 3  taken as 1.6 according t o  r e f -  

erence 7. The change i n  l i f t  due t o  the d i r e c t  e f f e c t  of 

the  p r o p e l l e r  f o r c e s  nay bo c a l c u l a t e d  by t h e  methods g iven  

i n  re ference  6 .  The agreenent between t h e  experimental  

and c a l c u l a t e d  va lues  of C C L ~  

is good. 

t h a t  a r e  given i n  f i g u r e  1 5  

Tail-on t e s t s .  - The r e s u l t s  of  the t e s t s  with t h e  

h o r i z o n t a l  and v e r t i c a l  t a i l  s u r f a c e s  on and wi th  t h z  pro-  

p e l l e r s  removed a r e  shown i n  figure 16.  The l o c a t i o n  of 

the  n e u t r a l  p o i n t  f o r  t h e  t a i l - o n  cond i t ion  wi th  p r o p e l l e r s  

removed was about 0 . 1 ~ ~  

flaps r e t r a c t e d  2nd about 0,215 

with f l a p s  d e f l e c t e d  40'. 

behind the c e n t e r  of g r a v i t y  wi th  

behind t h e  c e n t e r  g r a v i t y  

The e f f e c t s  of p r o p e l l e r  opc ra t ion  on t h e  aerodynamic 

c h a r a c t e r i s t i c s  of t he  complete model for var ious  f l a p  con- 

d i t i o n s  a r e  shown i n  f i g u r e s  17 t o  21. Figure 17 g ives  the ' 

r e s u l t s  f o r  t h e  model with f l a p s  r e t r a c t e d  and w i t h  propel -  

l e r s  o p e r a t i n g  a t  f'~111- and h a l f - r a t e d  power. The r e s u l t s  

for f u l l -  and h a l f - r a t e d  power f o r  t he  model w i t h  f l a p s  de- 

f l e c t e d  10.5' a i d  2 O . 9 O  are  shown i n  f i g u r e s  18 and 19, 
r e s p e c t i v e l y .  Figure 20 gives  the  r e s u l t s  of t h e  t e s t s  

w i th  f l a p s  d e f l e c t e d  &Oo and with t h e  propellers opera t ing  
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I a t  f u l l - r a t e d ,  h a l f - r a t e d ,  snd l d l f n g  povver. 

p r o p e l l e r  opera t ion  on l o n g i t u d i n a l  s t a b i l f t , y ,  as determined 

by the  s l o p e s  of t h e  culnves 3f Ci, a g a i n s t  Cy, a t  f i x e d  

e l e v a t o p  f o r  cons t an t  power ope ra t ion ,  were d e s t a b i l i z i n g  

i n  a l l  c a s e s .  The d e s t c b i l l z i n g  e f f e c t  of power was most 

pronounced f o r  t h e  cond i t ion  w i t h  the f l a p s  d e f l e c t e d  b.Oo, 
caus ing  i n s t a b i l i t ; ?  a t  htgh l i f t  coeff i c i e r i t s  wkLen f u l l - r a t e d  

power was appl ied  ( r i g .  2 0 ) .  

The e f f e c t s  Of 

By comparing t h e  r e s u l t s  of t l i p  t e s t s  o f  t h e  model w i t h  

t h e  h o r i z o n t a l  t a i l  Gn axd w i t h  ths p r o 3 e l l e r s  removed and 

ope ra t ing ,  t h e  inti-emelzts of pitching-moment c o e f f i c i e n t  a t  

the wing and t a i l  due on ly  t 9  t he  e f f e c t s  of' p r o p e l l e r  opera- 

t i o n  havc b e e n  detorrdncd and Ere  sLown i n  f i g u r e  21. The 

increments o f  t a i l  pitching-moment c o e f f i c i e n t  due t o  p r o -  

p e l l e r  opc r s t ton  vverre sria11 wLth f l a p s  r c t r a c t e d ;  l?ov:evfAr, 

w i t h  f l a p s  d e f l e c t e d  40' the  change of  t a i l  moment was v e r y  

large when hi& p0wc.r aas a?p l i ed ,  cztusfng t h e  i n s t a b i l l t g  

shown i n  f ' i y r e  23. 

The  t o L a l  c o n t r i b > i t i o n  of t h e  h o r i z o n t a l  t a i l  t o  lorigi- 

t u d i n a l  s t a b i l i t y  i s  slinwn i n  f ig l i re  22 f o r  the model with 

f l a p s  r e t r a c t e d ,  and i n  f i g i r e  23 ~ ' G P  the model  wfth flaps 

d e f l e c t e d  i+O". 

provided ai? i n c i w m n t  of  p o s t  t ive  p i  tching-moxea t c o e f f i c  i e n t  

f r o m  t h e  t a l l .  With f l a p s  r e t r a c t e d ,  t h e  normal f o r c e  on 

F o r  b o t h  cond i t ions ,  propaller o p e r a t i o n  

, ~ ~ 
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the h o r i z o n t a l  t a i l  suiqface was p o s i t i v e  f o r  l i f t  c o e f f i -  

b 

c 

c i e n t s  above 0.3,  respardless of t h e  power cond i t ion .  With 

flaps d e f l e c t e d  bo0, t h e  normal f o r c e  on  t h e  h o r i z o n t a l  t a i l  

was nega t ive  for l i f t  c o e f f i c i e n t s  br?low 1 . 6 ,  r e z a r d l a s s  

o f  t h e  power' c a n d i t i o n .  

The e f f e c t s  of' ap r ly ing  f u l l -  an6 hsl-.f'-rat;cd power 

a t  35,000 f e e t  a l t i t u d e  o n  the aerodynamic c h a r a c t e r i 3 t i c s  

o f  t he  model with f l R l J 3  r s t rac ted .  have b5en determined and 

a re  g iven  i n  f i g u r e  Zlc. sii;cs the  tkirust c o e f f i c i e n t  f o r  

any p a r t i c u l a r  powep condition decreases  wnrith a l t i t u d e ,  the 

d e s t a b i l i z i n g  e f f e c t  aF power o n  1on.g;i t u d i n a l  s t a b i l i t y  and 

the  i n c r e a s e  i n  tL9 s l o p e  of' t h e  l i f t  curve with power are  

l e s s  a t  a l t i t u d e  th sn  a t  sca  level. 

E l e v c t o r  ef'f'ectjvenesc and hlnfr,s  nomonts, - The v a r i a -  - _.-I. _---.-----.-- ---I_ 

tions o f  Cm, CL, and Ch, with e l e v a t o r  d e f l e c t i o n  (ele- 

v a t o r  tab loc i ted)  f o r  t h c  propellers-rcmoved condition are 

shown i n  figure 25. The e l e v a t o r  e f f e c t i v e n e s s ,  dC,/dG,, 

and t h e  r a t e  of change of' elcv:Ator iiIng$-rnornerit c o e f f i c i e n t  

w i t h  e l e v a t o r  d e f l e c t i o n ,  dCll,/dbep decreased s l i g h t l y  

wi th angle  o f  a t t a c k ,  

sett int; ,  t h e  elevstorb hinge mcnents i r - c reased  n e g a t l v e l g  

with an216 of' a t t a c k ,  

F o r  an:? p7srtfcu-L w7 e lsvo  t o r  angle 

The e l - evn to r  was equipped  wi th  8 Salaccing t a b  which 

could Se a6justc .d  bo g i v p  s e v e r a l  r a t i o s  of' t ab  angle  to 
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e l e v a t o r  d e f l e c t i o n .  Th.5 v a r i a t i o n s  of' t a b  angle  w i t h  e l e -  

v a t o r  d e f l e c t i o n  are given i n  f i g u r e  26 .  

-':e v a r i a t i o n  o f  e l e v d t o r  hirLge-r;ioment c o e f f i c i e n t  vvi  th e l e -  

. .-,tor deflc?cti.cn f o r  t h e  condition:! of e l e v a t o r  t a b  locked 

, . ,4 o f  elevc?t.or t a b  a d j u s t e d  t o  g$4.ve nlnimim and maximum do- 

: -?ct.ions. Kith the  t a b  locked ,  t h e  nieasurements were made 

a t  a s t a b i l i z e r  arbg.Le of 1.9'; however, with t h e  t a b  ope ra t ing ,  

the  measurenents were made a t  a s t a b i l i z e r  

Examination o f  t h e  d a t a  r e v e e l s  t l . ;at  the ci imge of h i n g e - .  

moment coef'l ' iciont due t o  a difr'cr-ence i n  s t o b i l i z e r  angle 

of  1.2' i s  s m a l l ,  sc) t l i a t  a coi;iparison c r n  be made of t h e  

hinge moments f o r  the va r ious  t a b  cond i t ione .  The s lope ,  

dChe/dCj,, f o r  t h e  tab-loc,kcd cond i t ion  was reduced some- 

wh.at with t he  e l e v a t o r  tab a d j u s t e d  t o  g i v e  ciaximum r a t i o  

d e f l e c t i o n s ;  l i t t l e  c b n g e  was rfieasured, however, with t h e  

t a b  ad jus t ed  t o  g i v e  minixum r a t i o  d e f l e c t i o n s .  The e f f e c t  

of t h e  t a b  on  p i t c h i n g  moriirrits 1s g i v e n  i n  figure 28 f o r  

va r ious  a f q l e s  of a t t a c k .  A small  decrease  in t he  s lope  

dC,/dG, 

the  lowest and the h i & e s t  angles  of  a t t a c k .  

F igure  27 shows 

angle , of 3.1'. 

was neasured,  th,2 decrease  be ing  n o a t  pronounced a t  

T h e  vnrhist5.ons 01' C,, CL,  and Ch, vi1.th. c l -eva tor  de- 

f l e c t i o n  f o r  v a ~ ~ i o u s  power cond i t ions  cr,d wit5 t he  mode l  i n  

the hich-speed, clIxb?.n.g,  nnd l a r d i n g  R t  t i t i l d e s  a m  g i v e n  i n  

figures 29 m d  3 0 .  CUPVB is presented  ( f i g .  31) showing 



. 
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the e l e v a t o r  angles r equ i r ed  t o  t r i m  the  a i r p l a n e  throuGhout 

the speed range ? o r  t h e  cond i t ion  of f l a p s  r e t r a c t e d  and full- 

I3ated. power appl ied .  The vulues  of 68 a% high va lues  o f  

i n d i c a t e d  a i r s p o e d  wsre obtained from t h e  exper imenta l  

va lucs  of i'ig1x-e 29 and the va lues  of 

i n d t c a t e d  Rfrspeed w c i ~  obtained by e x t r a p o l a t i n g  t h e  re-  

s u l t s  of f i g u r e  29 t o  highel- l i f t  coei 'Ticicnts .  

6, a t  low va lues  o f  

The sf'fectw o f  the s.llpst;ream on dCm/d6, and dChe/d& 

a r e  i 3  l u s t r a t e d  I n  f ie;;ure 32. W t h  p r o p e l l e r s  removed, 

the valu2s of' dC,/dG, and dCh,/dGe deci3eased wi th  angle  

of a t t a c k ;  howmer, with propel l .crs  ope ra t ing ,  the va lues  o f  

dC,/d6, and dChe/d6, increased  with angle  of a t t a c k .  

Since f o r  cons t an t  power oFera t ton  Tc i n c r e a s e s  w i th  angle 

of a t t a c k ,  t h e  ityna:xic pTessure a t  t h e  t a i l  and t h e r e f o r e  

dC,/ciGe and dCiie/dG, should l i icressc tvit l?.  t h e  angle  of 

a t t a c k ,  The inc rease  appebrs t o  b e  approximately propor- 

t i o n a l  t o  the moun t  of paver app l i ed .  

The e f f e c t  o f  t a b  p o s i t i o n  on t h e  e l e v a t o r  hinge moments 

oi' the nodel  w1 t b  p ropo l lu i - s  ope ra t ing  i s  shown 1.n f i g u r e  33.  

With t he  tab locked, the V C n l U e B  O f  dChe/dbe a t  Che  = 9 
were -0.0101 and -0.0113 2er dcl;ree elevator d e f l a c t i o n  for 

tli? a?rplnr ,e  ifi t h e  kigh-speed rnd cl.imbing a t t i t u d e s ,  re- 

s p a c t i v c l y .  L-ith the t:ib ad jus t ed  t o  ,;ive m x i m u m  r a t i o  
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tudes  a r e  sho-m i n  f i g u r e s  35 t o  !$J. 

t h a t  i n  t h s  landing a t t l t z d e  l?jitk f i a p s  dof'lected the  cnmges .  

i n  C, and  CL due t o  yaw wNCtpc large and sonevrhat IncOlI- 

s i s t e n t  f o ~  k D t h  p o m r  cond i t ions .  

It shculr? be noted 

I The e f f e c t  of  yaw angle  

In order  t o  det2rr.lins the e f f e c t s  o f  yaw on the  &e- 

v a t o r  e f f e e t f v s n e s s ,  some t e s t s  were mede with the model. 

yawed a t  5 . 7 5 O  a n d  15.1'. 

model i n  the high-speed and cl imbing a t t i t u d e s  a r e  shown i n  

f i g u r e s  34 and 35, and t h e  r e s u l t s  f o r  the  r:oc?el i n  the  

landing  a t t i t u d e  ( f i a p s  d e f l e c t e d  149') a r a  s ' l o \ ~ n  i n  f i g u r e s  36 

and 37. 

The r e s u l t s  ol" t h e  t e s t s  with the  

A compar>issn i s  &ven In t a b l o  I of  t h e  va lues  o f  

f o r  t he  node1 irL the  yawed and /dChe 
and (ZqJ . (2)h=o che=3 

unyatved condi t ions .  

t i t u d e ,  the e l e v a t o r  e f f e c t i v e n e s s  decreases  about 10 perc-er,t 

when the  nods1  i s  yawnled 15.1'. 

f e c t l v e n e s s  w i t h  yaw in .  the clinlbing and the  landing a t t i t u d e s  

It i s  seen tha t ,  In the hiy$-speed a t - .  

- 

m e  change of  e l e v a t o r  e f -  

was l e s s  than i n  the high-speed a t t i t u d e .  

L a t e r a l  S t ab i lL ty ,  C o n t r o l ,  ax; T r i m  

Aerodynamic c h a r t c t e r i s t i c z  i n  yav;. - The changes of the -. 
aerodgnanic c h a r a c t e r i s t i c s  with yaw m g l e  have  been d e t e r  

mined by  c r o s s - p l o t t l n g  t h c  r z s ; d t  s ai-' r udde r -e r r ec t iveness  

t e s t s  ( s i m i l a r  t o  t i lose  skiown i n  f i g s .  54 t o  57 )  a t  several 
angles  os' yew. Zic: v a r i a t i o n s  cr' CL and C, w i t h  JI 

f o r  the model %n t h o  high-epeed, climbin$, and l and ing  a t t i -  

I 
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L .  

on C, and CL f o r  t h e  model i n  t h e  high-speed and climbing 

a t t i t u d e s  was consideL-ably less than for t h e  model i n  the 

landinl ,  a t t i t u d e .  

rn ihe changes o f  C,, Cb, aild Cy w i t h  $ for the 

model i n  the  high-speed, climbing, and l and ing  a t t i t u d e s  a t  

var ious  power condi t ions  a r e  ehovrn i n  f i g u r e s  4.1 t o  46. 

The e f f e c t s  o f  p r o p e l l e r  operhtior on the  e f f e c t i v e  d i h e d r a l ,  

dCt/W, and on the  d l r e z t i c n a l  s t a b i l i t y ,  dCn/d@, were 

most  pronounced f o r  the  f l a p s - d e f l e c t c d  cond i t ion .  With 

the model In t3nc landing a t t i t u a e  and Ldl lng power app l i ed ,  

t h e  s lope  o f  t h e  curve of ya\r;ing-r.lommt c o e f f i c i e n t  a g a i n s t  

angle o f  yaw shov~s approximately n e u t r a l  s t a b i l i t y  a t  smal l  

p o s l t l v e  anelas of yaw and i n s t a b i l i t y  f'i-or1 -2' t o  -8' angle 

o f  yaw ( f i g .  45). Inasmuch as  the  vrilue of dCt/d$ for 

t h i s  c o n d i t i c n  1 s  r e l b t i v e i y  h?'gh, about 0.0018, 8 cond i t ion  

of lateral o s c i i l u t o r y  i n s t a b i l t t y  will probably e x i s t .  

Tha danger of t h i s  condi t ion  i s  accentuated because i t  G C -  

c u r s  a t  the landing a t t i t u d e  v;;here recovery becomes very  

d i f f i c u l t .  A l a r g o  decmase  i n  e f f e c t i v e  d i h e d r a l  was 

measured when hr.lf '-rated power was a p p l i e d  t o  t h e  model i n  

t he  l and ing  a t t i t u d e ;  however, t he  d i r e c t i o n a l  a t a b i l i t y  was 

i nc reased  ( f i g .  l i6) .  This combination should r e s u l t  i n  a 

c c n d i t i o n  o f  s p i r a l  i n s t a b i l i t y .  S p i r a l  i n s t a b i l i t y  i s  no t  

a savcre  ccnd i t ion ,  howevcr, inasmuch as l i t t l e  d i f f i c u l t y  
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i s  encountered i n  flying ai-rplanes vhlch  e.re s p i r a l l y  uns tab le  e 

Since I t  has been pro;>o,ced t h a t  the model bc  rs turr ied t o  the  

l l - s c z < l e  tunne; for fuyther. encine-cool ing t e s  LP, some ad- 

t io r ia l  t e s t s  t o  check the  stabL1Ety of t h e  a i raplane i n  the 

-idin@ atr ; f tude a r e  contemplated. 

The slope of til.: curve of iFIteral-f'orce c o e f f i c i e n t  

aga ins t  anglc of yaw for t h L  model with f l a p s  d e f l e c t s d  40' 

was increased  frcfii 0.3055 t o  3.912b wncn tile t h r u s t  c o e f f i -  

c i e n t  was incressed  f rom 0.045 t o  0.:+'/,0. 

The e f f e c t s  of p r o p e l l e r  operation on t h e  d i r e c t i o n a l  

s t a b i l i t y ,  on t h e  ef'fectivc: d i h o d r a l ,  e n d  on the  r a t e  of 

change of l a t e r a l - f o r c e  c o c r f i c i e n t  with yaw aiicie for t he  

model i n  tLe high-s?ee2 ,-i_n,d c l ixi ibi~g ot tLt i ides  are illus- 

t r a t e d  i n  I'fgure 47. The d i r e c t i o n 2 1  s t r i b r l i t p  decreasad 

with angle Gf '  a t t a c k ,  b=lt a t  any p a r t l c u l a r  m!le o f  a t t a c k  

the  d i r e c t i o n a l  s t a b l l i t p  was hL&kirr f o r  the  i ' i i i l-power 

condi t ion  than f o r  t he  half-power condi t ion .  lJo v z r i a t i o n  

of  

the  high-speed or C I k b  condi t ions .  

aCy/d$ with engle oi' a t t a c k  o r  poner  v'as mcasured f o r  

The changes i n  t h e  l a t e r a l  c h a r x t e r i s t i c s  &de t o  power 

r e s i i l t  f ro r i  the  aii-ect  e f f e c t  o j '  t h e  propeller f o r c e s  and 

froin t h e  e f f e c t s  duc. t o  the  p r o p e l l e ~  s l i p s t r e a n .  Since the  

t h r u s t  ax i s  an< t h e  c c n t o r  o f  g r a v i t p  l i e  i n  the p luns  of 

symmetry, t h e  t l - ru s t  f o x e s  'nave no e f f e c t  on the  r o l l i n q  , 
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and yawing moments about t h e  s t a b i l i t y  axes. The p r o p e l l e r  I 

normal fGiTe, honever, l i e s  In the  plane o f  the prcpe l l -e r  

find c9use3 a yawing nornent which is always d e s t a b i l i z i n g .  

The e f f e c t  of the  p r o p e l l e r  torque,  which u s u a l l y  c’auses 

a lai-ge r o l l i r s  moment f o r  a i r p l a n e s  w i t h  s i n g l e - r o t a t i n g  

p r o p e l l e r s ,  i s  p r o b a b l y  very srall and may be neg lec t ed  

when uua l - ro t a t ing  p r o p e l l e r s  a;”e used. 

When the a i r p l a n e  is yawed, a gmatei-  p a r t  of  t h e  

s l i p s t r e a m  i s  dzi’lactec! over  the  t r a i l i n g - w i n g  pane l .  The 

r e s i l l t  fs t h a t  t h e  increased  dTJnamic p r e s r u r e  i n c r e a s e s  the 

1 lift of  t h e  t r a i l i n g - a i n g  pane l  aid causes  a decrease  In 

ef fzc t iv : :  d ih9dra l .  Tho decrease would be most  pronounced 

n i t h  t h e  f l a 9 s  d e f l e c t e d ,  s ince  t h ?  InbonFd s e c t i o n s  of the 

wing are  operai;irq; a t  high section l i f t  c o e f f i c i e n t s .  By 1 
t h e  saxe reasoning,  t h e  d r a g  ol” t he  t r a f l i ng -wing  pane l  i s  

increasec? whL& r e s u l t s  in a d e s t a b i l i z i n g  yawing moment. 

The adverse ei’i’ects of winG-fuselage in te rTerence  on 

the  e f f e c t i v e  cifhedrsl Luld the favoi7able e f f e c t s  on the  

d l r e c t i o n a i  s t a b i l i t y  of low-wing monoplnnes a r e  probably 

changed s c n e w b t  by t h e  passage of t he  s l i p s t r e a n  over t he  

wing-fuselage junc ture .  Tfie i nc rease  in dyaimic p re s su re  

over t h =  v e r % i c a l  tail Lncreazes the  c o n t r o l  e f f e c t i v e n e s s  

and pi-obsbly i u c r e a s e s  the d i r e c t i o n a l  s t a b i l i t y  depending 

on the m g l a  of si,levvasii and the  di . i>ection o f  the l o a d  a t  

I 

I 

I 

I 

I 
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t he  v e r t i c a l  t a i l .  AS the angle  of Qavr I s  increased ,  a 

po in t  w i i l  be reached where the  v s r t i c z l  t a i l  pas ses  out Of 

t he  s l i iss t ream and, corisequent1;G the  c o n t r o l  e f2ec t ivcness  

will be decreased t o  the propellers-removed va lue .  The 

s idenash angle a t  t h e  t a i l  r e s u l t s  Trom t h e  va r ious  coxponents 

of the a F r  f l o w  dus t o  the wing, the  fuselage, and the  s l i p -  

s t r e a n  snci i s  detei-mined a s  a vec to r  a d d i t i o n  of these  corn- 

ponerits. Some chan3es i n  the p i t c h l n g  moments due t o  yaw 

are  causc,d by the  cliang.;~ i n  v c l o s i t y  an? d i r e c t i o n  of f l o w  

a t  t h e  ho r i zo i i t s l l  t n i l  siirfccs due t o  t h e  s l i p s t r e a m .  

Rudder e f f ec t i -Lwx?ss  and hinge rcomonts. - The v a r i a t i o n s  

o r  C,, Cy, and CiLr wi th  rwdc'er d e f l e c t i o n  f o r  the model 

wi th  pi.opellsi?s rsmnved alae shown in f i s u r e  $3. The values 

of  dC,/dE,, dCy/d6,, and dCh /d6, chbllged very  l i t t l e  

w i t h  angle  o f  a t t a c k .  Fcr tLc: p rope l le rs - rznoved  condf t ion ,  

the r e spec t ive  va lues  OS dCn/dGr and dCy/dG, were -0.0015 

and 0.0322 per degree.  The value o f  dCh,/d6, a t  6 r  = 0 

was -0.OOL5 p e r  degree.  

r 

The ef i 'ect  o r  varloiis r a t i o s  of tab angle  t o  riidde? de- 

f l e c t i o n  on t h e  r a t e  of change of rudder  hinge-mo:nent c o e f f i -  

c i e c t  with ru2der  d e f l e c t i o n ,  dCklp/dGr, i s  shcwn i n  fig- 

ure  49. Fizc re  50 sh3ws the variation of t a b  anzle  with 

rudder  de.flection f o r  the  d i f f e r e n t  t a b  adjustments .  A 

l a r g e  d s c r e a s e  i n  the vnlu2 ai' dCh,/dSr a t  6, = 0 f o r  no 
, 
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t a b  was measured v;hen the  tab was a d j u s t e d  t o  g i v e  e i t h e r  

tab-rudder  d e f l e c t i o n  ratio 1 o r  2;  however, theye was 

l i t t i e  change o f  rudder  hinge rnornents measured between t ab -  

rudder  d e r i e c t i o n  r a t i o s  1 and 2. The  e f f e c t  of t a b  s e t -  

t i n g  on t h e  yawing-nofiient coef i ' ic ients  a t  s e v e r a l  ang le s  of 

a t t a c k  i s  shown i n  f i g u r e  51.  The t a b  caused a ve ry  small  

decrease i l l  rudder  e f f e c t i v e n e s s ,  dCJdSr. 

The e f f e c t s  of p i -opa l le r  operat ior ,  OI? t h e  v e r i a t i o n s  of 

C,, Cy, and Ck!, with 6, f o r  t h e  model i n  t h e  high-  

speec?, c l h b i n g ,  and lacdipp; att;Otudes are shown i n  f i g -  

ur-3s 52 and 53. fa t h e  high-speed a t t i t u d e ,  where t h e  l i f t  

c o e f f i c i e n t  and t b r u c t  are low, t h e r e  was l i t t l e  change of  

dCn/d6, and dCx/db, due t o  p r o p e l l e r  ope ra t ion .  A s l i g h t  

i n c r e a s e  of  dC,/dG, agd no inc rease  of dCy/d6, was 

measured w i t h  t h e  model i n  the clirnbir,g a t t i t u d e  and f u l l -  

r a t e d  power a p p i i  e d . Ui th  the  model i n  the  landing  a t t i -  

tude,  however, tLe values  of dCn/dbr and dCy/db, were 

h c r e a s e d  t o  -0.OOlY and O.JO29, r e s p e c t i v e l y ,  when ha l f -  

r a t e d  power was 6 p p l i e d .  The r a t e  of change of  rudder  

hinge-moment c o e f f i c i e n t  w i t h  rudder d e f l e c t i o n  inc reased  

w i t h  power; a va lue  cf dCb-,/dGp of  -0 .0088 was measured 

f o r  t he  model Sn the  l a n d h g  a t t i t Q d e  with h a l f - r a t e d  power 

a p p l i e d  a s  compared with a value o f  -0.9045 f o r  the model 

w i t h  p r o p e l l e r s  refiioved. 
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Several  t e s t s  were made t o  determine the  e f f e c t s  of r u d -  

der  d e f l e c t i o n  or: t he  aerodyncvilic c h m a c t e r > i s t i c s  of  t h e  

model i n  ~ T U T B W .  

model i n  t h e  hi@-speed,  cl.imbin&, and lanr3.ng a t t i t u d e s  a re  

given i n  f i r i r e s  54 a ~ 2  55 f o r  \ t=  15.1~ 

and 57 for $ = -15.2'. The v a r i a t i o n s  of dCn/dGp a t  

Cn = 0 an6 dC~lr/dGr a t  Ch, = 0 with \3, a r e  givcn i n  

f i g u r e  58 for t he  inode1 i n  th:! high-speed a t t i t u d e  with f u l l -  

and k ia l r - r a t ed  power a p p l i e d ,  i n  f i g u r e  53 f o r  the model i n  

the climbing a t t i t u d e  wit1? fi111- and h a l f - r c t e d  power appl ied,  

and i n  f i e u r 5  6 2  f o r  the model  i n  the landing  a t t i t u d e  with 

i d l i n g  and h a l f - r a t e d  povver app l i ed .  

on dC,/dS, was s ixa l l  Cor* a l l  of the t e s t  condi t ions ;  how- 

eve r ,  an z p p r e c i a b l e  inc%ase I n  dCI,,/d6, w i t h  yaw was 

measured. 

Tie r e s u l t s  of some of the t e s t s  w i t h  the  

and in figures 56 

The e f f e c t  of yaw angle 

The rstc of' chnnge of rudder hinge-moment c o e f f i c i e n t  a t  

ze ro  ruc?der d e f l e c t i o n  with yaw angle f o r  the  v a r i o m  model 

a t t i t u d e s  i s  shcvm in f i g m e  61.  For  the hizh-speed and 

cllmbing a t t i t u d e s ,  t h e  vclluas of dChr/d$ vias z e r o  a t  

small. angles of yaw. F o r  the  modcl in the  landing  a t t i t u d e  

w i t h  h a l f - r a t s d  p o e t r  a?plicd,  some v a r i a t i o n s  of' C h r (  6p=o) 
with $ was neasured, but these  were s m a l l  a t  small angles  

of yaw. 
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. 

The rudder  angles  n e c e s s a r y  t o  ho ld  a g iven  angle  o f  

yaw f o r  t h e  aode l  i n  the high-speed and climbing a t t i t u d e s  

e r e  g lven  i n  f i p r e s  62 and 63 f o r  t he  f u l l - a n d  h s l f - r a t e d  

power cond i t ions ,  r e spec t ive ly .  

a value of  dQ/d€r(Cn=O) of aSout 1.1 x a s  measured. The 

V S ~ U ~  of d$/dGr cn=o f o r  the model i n  t h e  cl lmbing a t t i -  

tudc with f u l l - r a t e d  pox9r apa l ied  vras about 1 . 2 ,  which w a s  

i nc reased  t o  about 1.3 when h a l f - r a t e d  power was appl ied.  

The rudde r  anSles  t o  h o l d  a .zSver, angle of  yaw f o r  t he  model 

i n  the landing  p.ttitl;de w i t h  i d l ing  and h a l f - r a t e d  power ap- 

In the  Mgh-speed a t t i t u d e ,  

p l l e l !  a r e  shown i n  f i g u r e  64. 
the  curvs  of  f i g u r e  64 a t  small ang!-es a? yaw f o r  t he  idling- 

power cond i t ion  corres?onds t o  t he  same i n s t a b i l i t y  notsd  i n  

The i n s t a b i l i t y  shown by 

The value of  a$/dGr(Cn=O) 

t i t u d e  wi th  half - r a t e d  power a p p l i e d  wacj about 1 .5 .  

C o r  t h e  n o d e l  i n  the landing  a t -  

Ai le ron  eff-:st iveness and hinGe maients .  - Since the -- - 
a i l e r o n s  on th i s  x o d e l  ; i ~ e  wsll oi i t  of the region mvercd  by 

t h e  s l ipstrea; . , ,  all ~ f '  the t e s t s  t o  doterwine the  e f f e c t s  of 

aileron d e f l e c t i o n  were mado ?itith the  propellers rmioved. 

The rnensixenents \.;ere made f o r  def ' l cc t lons  01' th3 l e f t  

aileron only.  ij.1LgIres 65 aildl 65 ~kiovv t he  vzriations of 

CZ, Cn, and Cha with a i l e r o n  d c f l z c t i o n  (tab locked)  

fox. t h e  node1 v:ith f'lapc r c t x a c t e d  and wi th  f l a p s  d e f l e c t e d  
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4Q0, r e s p e c t i v e l y .  

and wi th  the f l a p s  r e t r a c t e d  and f l a p s  def lec . ted !$ 

i n  f'igtwes 67 and 68, r e s p e c t i v e l y .  

The r e s u l t s  wi th  t h e  model yawed a t  -10.1' 
.. 

0 are  S h O W n  

Tuf t  surveys had p rev ious ly  shown t h a t  the  i n s t a l l a t i o n  

of cannons a t  t .he  leadtne; edge of t h e  wing caused an e a r l y  

sepa ra t ion  of the flow, e s p e c i a l l y  i n  the  r eg ion  of t h e  

ailerons. A s  a r e s u l t ,  a i l e r o n - e f f e c t i v e n e s s  t e s t s  were 

made with the  carinons I n s t a l l e d  on t h e  ;.ring i n  t h e i r  maximum 

up p o s i t i o n  (fig. 8 ) .  

cannons i n s t a i l e d  on tht3 wing 8r9 given  i n  f i g u r e  69. 

The r e s u l t s  o f  t he  t e s t s  with t he  

Inasmuch a s  l.t has bzen proposed t h a t  the Republic 

Avia t ion  Corporation i l l s t a l l  s a s o l i n e  tanks  on the lower  

su r face  o f  t h e  win6;s (fig. 9 )  f o r  f e r r y i n g  purposes,  some 

t e s t s  were madk t o  c!etexnIne t h e  e f f e c t s  of  the wing tanks 

on the a i l e w n  e f f e c t i v e n e s s .  The r e s u l t s  or" the  t e s t s  for 

t he  unpwsd model a r e  shown i n  f i g u r e  7 0 .  

show t h e  results o f  the  t e s t s  ::;itk; t h e  wing tanks on and 

@ = -10.1 for t h e  f l a p s - r e t r a c t e d  and f l a p s - d e f l e c t e d  

conclltions, respcc t i v c l y .  

F igures  71 and 72 

0 

m -  llie v w i a t l o n s  oi' CL, CD, and C,, with u f o r  the 

model wi th  the wtng tnriks on and for t h e  model w i t h  cannons 

i n s t a l l e d  i n  t h e i r  maximum up p o s i t i o n  a r e  shown i n  f i g u r e  73. 
1% w i l l  be no t i ced  f roc ;  f i g c r e  73 t h a t  the  cannon i n s t a l l a -  

t i o n  causted a r e d ~ ~ , c t i c r i  oi' nnxfxwi: l i r t  c o ~ f ' f i c ,  i e n t  o f  about 
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.' 0.3.  Stud ies  made with vnrious cannon i n s t a l l a t i o n s  showed 

t h a t  the  r educ t ion  of m a x i m u m  l i f t  c o e f r i c i e n t  due t o  khe 

calrnons can be ninitiiized by (1) l o w e r k g  the  cannons, 

( 2 )  us ing  a lor igar  cannon exteilsion from the  l e a d i n g  edge 

of the ~ i n g ,  and ( 3 )  us ing  a s u i t a b l e  f a i r i n g  a t  the wing- 

ccvlnon junc tu re .  The gasoline tanks caused.no apprec iab le  

r educ t ion  of n iax imum l i f t  coeff ic ie : i t .  

A 

The v a r i a t i o n s  of Ch, v:ith 6, for t h e  tab- locked 

and tab-opera t ing  cond i t ions  a r e  shown I n  f i g u r e  74 f o r  

va r ious  w g l e s  o f  a t t a c k .  Figure 75 shows t h e  v a r i a t i o n  of 

t a b  angle  with a i l e r o n  d e f l e c t i o n .  With t h e  a i l e r o n  t a b  

Lns tn l led ,  some decrease i n  dCha/d6, was measured. Fig- 

u r e  76 shows t h ?  v a r i a t i o n s  of C Z ,  Cn, and cha with 

a i l e r o n  d e f l e c t i o n  f o r  the case o f  a i l e r o n  t ab  i n s t a l l e d  a t  

r a t i o  1. 

yawi.ag o r  the r o l l i n g  moments. 

The t a b  had very l i t t l e  e f f e c t  on e i t h e r  t he  

A few c a l c u l a t i o n s  have ind ica t ed  t h a t  the  s t i c k  f o r c e s  

r e q u i r e d  t o  o b t a i n  maximum ailei.on d e f l e c t i o n s  wi th  t h e  a i r -  

p lane  i n  the hich-speed o r  c r u i s i n g  a t t i t u d e  will be exces- 

s i v e .  

t a b  ope ra t ing .  

This was t r u e  f o r  t h e  condi t ions  02 t a b  loelred and 

A t a b l e  has bsen prepared ( t a b l e  II) g iv ing  vslues of  

a i l e r o n  e f f e c t l v e n e s s  and h e l i x  angle, pb/2V, f o r  a l l  o f  

t he  t e s t  cond i t ions .  The va lues  of dC7./dS, and D b / 2 V  

. 
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have been computed F o r  a t o t a l  angular  d i f f e r e n c e  between up 

and dOWi1 a i l e r o n s  of 39' with an a i l e r o n  d i f f e r e n t i a l  P a t i o  

of 1:l. The t e r m  pb/ZV, which expresses  t h e  l a t e r a l  d i s -  

placement of the  wing t i p  i n  a givcn forwa.rd trzivel of t he  

a i r p l a n e ,  i s  a. measure of s a t l s f a c t n r g  a i l e r o n  c o n t r o l  ( r e f -  

erence 9). A value of pb/2V of  0.37 r e p r e s e n t s  a c r i t e r i o n  

of minimum s r t i s f a c t o r y  a i l e r o n  e f f e c t i v e n e s s .  

of  pb/2V 

The va lues  

for a l l  t h ~  condi t ions  t e s t e d  v a r i e d  from 0.982 

t o  0.117. 

T h c  c r i t e r i a  f o r  s a t i s f a c t o r y  a i l e r o n  c o n t r o l  presented  

i n  re ference  9 should be usad  with cau t ion .  Flight measure- 

ments have indicntcb. t h a t  t hc  values  of pbi2V obta ined  i n  

wind-tunnel t e s t s  alae abcut 9.02 h ighe r  thazi those  obta ined  

i n  f l i g h t  as a m s d t  of  wing twist and s i d e s l i p  angle .  

Furthermore, a l though a valuc o f  pb/Z_V o f  0.07 impl ies  a 

cond i t ion  of s a t i e f a c t o r p  a i l e r o n - c o n t r o l  e f f e c t i v e n e s s ,  i t  

does not  impiy t b t  the r o l l i n g  v e l o c i t i e s  a t t a i n a b l e  w i l l  

be s a t i s f a c t o r y .  Thus, a p u r s u i t  a l r p l a n e  having a l a r g e  

wing span w i l l  r e q u i r e  l a r g e r  values  o f  pb/2V t o  a t t a i n  

r o l l i n g  v s l o c i t i e s  equal  t o  those of a p u r s u i t  a i r p l a n e  having 

a small \r;lng span. C n  t h i s  b a s i s ,  t h e  rolling v e l o c i t i e s  

a t t a i n a b l e  with the  p re sen t  XP-69 a i l e r o n  i n s t a l l a t i o n  may 

be inaeeqiiate. 
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Air-Plow Surveys 

The Yesults of t he  a i r - f low surveys a r e  presented  i n  

f i g u r e s  77 tkirou&A 80. Tine figures show contours  of q/qo 

and downwash and siclewash vec tors  i n  a v e r t i c a l  plane through % 
4 a 

1 the  e l e v a t o r  hinge l i n e  f o r  var ious a @ e s  of a t t a c k  and 
I4 

t h r u s t  c o e f f i c i m t s .  The r e s x l t s  o f  t n e  propellers-removed 

surveys a r e  given i n  f ' i p r e s  77 aid. 78 f o r  the f l - a p s - r e t r a c t e d  

arid f l a p s - d e f l e c t e d  cond i t ions ,  rcspectfvely, The e f f e c t s  

of  p r o p e l l e r  o p r a t i o n  011 the air f l o w  i n  tho region of the 

t a i l  p l ans  e r e  skovn i n  f i p r e s  79 and 83 .  A t a b l e  ( t a b l e  III) 

i s  presented ,  SivSng va lues  of t h e  dynamic-pressure r a t i o s  

and the  downwash angles  averaged ac ross  sach semispan of t he  

horLzon. ta l  t a l l  scri'acs a t  the c?levator h l n p  l l n e .  

Tho v e l o c i t y  and d i r a c t i o n  o f  the air i'low a t  t he  t a i l  

may bc c ~ n ~ s i d o r e d  a s  tha Tesu l t ac t  01' the  var ious  f i e l d s  of 

f l o w  f r o m  the ving, th?o f u s e l a g e ,  tho duc t ing  systcx,  and 

t h e  p r o p e l l e r  s l i p s t r eam.  The wing wake (or reg ion  of  low 

dynramic p r e s s i n e )  and the cGmbined wakes of the wing, the 

f u s e l a g e ,  and t i s  d w t i n @  sgsten ( o r  r*egioii charac t e r l z e d  

by t h e  e r r a t i c  f l o w  j u s t  belois the f u s e l a g e )  a r e  c l e a r l y  

ev iden t  i n  t h e  surveys made with t h e  propellers removed. 

(See f i g s .  77 and 78.)  Owin3 t o  t h e  r e l a t i v e l y  h igh  p o s i -  

t i o n  of the horizontal tail surf'tice with r e s p e c t  t o  t he  

wing, the c e n t e r  1 i n G  o f  the v;inf; wake passed below the  
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h o r i z o n t a l  t a i l  su r f ace  for a l l  o f  the cond i t ions  t e s t e d .  

The cen te r  l i n e  of ",le wing wake rase r e l c t i v e  t c ?  t h e  t a i l  

wi th incFeasing angle of  a t t a c k  ( f i g s .  77(a)  to 7 7 ( c )  1 , 
which resir l ted I n  a small  decrease i n  the average dynamic- 

p re s su re  r a t i o  measured ac ross  the  h o r i z o n t a l  t a i l  su r f ace  a s  

t he  angle of  a t t a c k  was Incrsased .  The change i n  dynamic 

p res su re  a t  t he  t a i l  due t o  F lap  d e f l e c t i o n  was small s i n c e  

the f l a p  wake always passe2  below the  h o r i z o n t a l  t a i l  s u r f a c e ,  

The downwash angle  a t  t h e  t z i l ,  which i s  d i r e c t l y  p r o -  

p o r t i o n a l  to the  l ift c o e f f i c i e n t ,  increased  with angle of 

a t t a c k  and f l a p  d e f l e c t i o n .  

a t  t h e  t n i l  due t o  f l a p  d e f l e c t i o n  wtis about yo f o r  the  

propellers-rsmoved cor,ditic:l. 

The Lncrease of downwash angle  

Tha e f f e c t s  ai' pisopeller ope ra t ion  on t h e  d jmmic  p res -  

sure  and t h e  doviniF;ash angles a t  t h e  t a i l  a r e  i l l u s t r a t e d  i n  

t a b l e  III. The va lues  of (q/qo)av and cav were computed 

s e p a r a t e l y  ac ross  e t x h  sen i spa3  of t h e  h o r i z o n t a l  t a F l  i n  

o l d e r  t o  a s z e r t c f n  whether the use o f  d u a l - r o t a t i n g  p r o p e l l e r s  

eliminatec! t h e  ef'f'ects. due t o  sll.r>streanz r o t a t i o n .  Propel-  

l e r  opera t ion  increased  the  dynamic press1ze a t  the  t a l l .  

The increas3  Ln dyr ,mic  p re s su re  a t  the  t a i l ,  however, was 

not  dir : :c t lg  p r o p o r t i c n a l  t o  the anount of power a p p l i e d  s i n c e  

the l o c a t i o n  02' t h e  s i i?s t rexr9  c e n t e r  l i n e  wi th  res i lec t  t o  

t he  h o r i z o n t e l  t a i l  va r iqd  with angle  of a t t a c k  and t h r u s t  



e f f i c i e n t .  For a l l  p o s i t i v e  angles  o f  a t t a c k  the  downwash 

a t  t h e  t a i l  i n c x a s e d  with p r o p e l l e r  opera t ion ;  whereas, a t  

the  nega t ive  angle o f  a t t a c k ,  p r o p e l l e r  o p e r a t i o n  r e s u l t e d  4 2 
Gl i n  a small  Cecrease i n  t h e  downviash a t  the  t a i l .  
.. .o 

1 

. 

When the power absorbed by  the  f r o n t  p o ? e l l e r  was 

approximately equal  t o  the power absorbed by t h e  r e a r  p r o 7  

p e l l e r ,  t he re  was l i t t l e  evidence o f  s l i p s t r e a m  r o t a t i o n  

i n  the surveys.  Since the  p r o p e l l e r  blade angles were 

a d j u s t e d  s o  as t o  absc?rb ap3roxin:ately equal  yower a t  the 

V/nD 

sorbed by t he  two p r o p e l l e r s  were n o t  equal  a t  o the r  va lues  

of V/nD (fig. 5 ) .  A t  low t h r u s t  c o e f f i c i e n t s ,  where the  

d i f f e r e n c e  in 2ov;er abeorbed by the f r o n t  and r e a r  propellers 

was sma l l ,  t h e  valiles of (q/qoIav and Cav measured ac ross  

each semispan of t he  h o r i z o n t s l  tail su r face  were approxi- 

ma te ly  equal. 

some d i f f e r e n c e  i n  (q/qo)av snd 5,, was measured,. 

a l though the d i f f e r e n c e  was cons iderably  less than t h a t  

u s u s l l y  observed behind a l rp l anes  wi. t h  si.n.gle-rotating 

propel l .ers  . 

f o r  peak e f f i z i e n c y  (V/n3 = 1.25), the powers ab- 

A t  the  h ighe r  t h r u s t  coef ' f tc ients ,  however, 

SUYYARY OF RESULTS 

1. P r o p e l l e r  ope ra t ion  resulted i n  an apprec iab le  

decrease  i n  static l ong i tud ina l  s t a b i l i t y .  With f l aps  r e -  

t r a c t e d  and f u l l - r a t e d  power a?gl ied ,  t he  n e u t r a l  po in t  was 
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f l a p s  de f l ec t ed  &O0 and full-rate2 power apli l ied,  the  n e u t r a l  

p o i n t  was s h i f t e d  about 20 percent  of t he  menii aei-odynamis 

chord forwsrd of  i t s  2 o s i t i o n  f o r  the  ;?ropeliers-reinoveG c m -  

di ti on. 

~ 

2. The a p ? l i c a t i o n  of powex? i n c r e a s e d  the s lope  o f  

I the I l f  t; c u m e ,  the i n c r e a s e  being z?Troxim%tely p r o g o r t i o n a l  

I t o  the amount o f  :2ower appllec?,. 

3 .  The e l e v a t o r  ?rovided sat !  s f a c t o r g  l o n g i t u d i n a l  

c o n t r o l  thraughout the  l i f t  range. 
I 4, Tine ele-cator e f f e c t i v e n e s s  and t h e  s lqpe  o f  the  

I hlnge-Foment curve agaLrist e l e v a t o r  d e f l e c t i o n  inc reased  with 

power. 

5. The e f f e c t  of yaw angle  011 e l e v a t o r  e f f e c t i v e n e s s  

was small  for the  razge of  yaw angles  t e s t e d .  

6. A decrease i n  dChe/dGe a t  z e r o  tab of from 10 t o  

20 pe rcen t ,  clepen2ing r3n the  power c o n d f t i m ,  was measured 

when the  tzS v'as ad jus ted  t o  give the maximm t a b  ar@e t o  

e l e v a t o r  d e f l e c t i ~ n  r a t l o .  

7. The r a t i o  o f  e f f e c t f v e  d i h e d r a l ,  dCt/cY4, t o  d i r e c -  

t i o n a l  s t a b i l i t y ,  dC,/dq, v a r i e d  from about 1.0 t o  1 . 3  f o r  t h e  

, 
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8. A l a r g e  decrease I n  d i r e c t i o n a l  s t a b i l i t y  was 

.' 

measured when f l a p s  were d e f l e c t e d  and :Cl.ing power a p l i e d ,  

For  the model  i n  the landing a t t i t u d e  v1th idling power 

agp l i ed ,  the s lo2e  of the curve o f  C, a;;ainst \J, showed 

approximately n e u t r a l  stability a t  sxs l l  p o s i t i v e  angles  

of yaw and i . n s t a b i l i t y  from -2' t o  -8' angle o f  yaw. 

The ef fec t , Ive  d i h e d r a l ,  as  i n d i c a t e d  by BCZ/@# was high. 

A cond i t ion  of l a t e r a l  o s c i l l a . t o r y  i n s t a b i l i t y  mag the re -  

f o m  e x i s t  f o r  l andings  made v:ith i d l i n g  power. 

nl 
v3 

I 
4 

.J.. 
c- L 

9. A l a r g e  decrease i n  e f f e c t i v e  d i h e d r a l  was 

measured when h a l f - r a t e d  power was ap;ilied t o  the model i n  

' *  

t l e  landing  a t t i tuc ie  with f l a p s  d e f l e c t e d ;  t he  d i r e c t i m a l  

s t a b i l i t y ,  however, wag g r e a t e r  than t h a t  measured for t he  

idling--?ower condition. 

10. The s lope  of the curve of yaw angle sgafns t  

r-ddder d e f l e c t t o n  a t  t r l m  d*/d6,(cn=0) 

about 1..0 t o  1 . 3  f o r  the  model- iil the hit;h-s?eed and 

Cl.iF.bii?g a t t i t u d e s  with full- end ha l f - r s . te?  power api3lied. 

va r l ed  from 

. 

A l a r g e  i n c r e a s e  I n  dJl/dsr(C Q)  

were d e f l e c t e d  and i d l i n g  power ana31ied. 

was rneasured v;hen f l a p s  n- 

11. The rudder e f f e c t i v e n e s s  and the r a t e  of change 

of kdnge-no:mnt soe f f i c i e r l t  ;vith rudder def ' l es t ion  inc reased  

v i1  t h  po-iver. 

12. The negat ive  value o f  d-chr/6br a t  clZr = O 

reduced about O.OO25 by the use of  a balancing tab. 

was 



13. The magnitude o f  t he  mzximurn r o l l i n g  v e l o c i t i e s  a t -  

t a i n a b l e  with a t o t a i  a i l e r o n  d e f l e c t i o n  of 30' may be low 

when compared with t h a t  a t t a i n e d  by some pressn t -day  p u r s u i t -  

type a i q l a n e s .  

14.. The s t i c k  f o r c e s  r equ i r ed  t o  o b t a i n  maxinum a i l e r o n  

d e f l e c t i o n s  wi th  the s i r p l a n e  i n  the  high-speed o r  c r u i s i n g  

a t t i t u d e s  w i l l  be excess ive .  

15 .  A m a l l  r educ t ion  oi' a i l e r o n  hinge moments was ob- 

t a i n e d  by the use or' a ba lanc ing  t ab .  

16. The a d d i t i o n  or' cannons and gaso l ine  tanks on t h e  

wing of t h e  model caused ve ry  l i t t l e  change of a i l e r o n  e f f e c -  

t i v e n e s s .  

17. The t e s t  r e s u l t s  indLcate t h a t  l i t t l e  or no a p p l i -  

c a t i o n  of  thc p..flsi*ons or rudder w i l l  be necss sa ry  t o  fl37 i n  

an unyaweci a t t i t u d e  with pYo?e?-lers o,-erating. 

19. Viitll the  cannons i n s t a l l e d  o n  the l ead ing  edge o f  

t he  wing i n  t h e i r  r.ic7ximun up p o s i t i o n ,  a redi ic t ion i n  maximum 

l i f t  c o e f f i c i e n t  of about 0.3 was m a s u r e d .  

19. The c e n t c r  l i n e  0 2  the wing wake was below t h e  

h o r i z o n t a l  t.111 surface  f o r  a l l  of' t h e  cond i t ions  t e s t e d .  

29. Prope l l e r  ope ra t ion  tnc reased  the d;mamic p res su re  

m' a t  the t k i l .  ~119 downwash angles  a t  the t a i l  r e r e  i nc reased  

for p o s i t i v e  ~ ~ ~ 1 3 s  o f  a t t a c k  and decreased for nega t ive  

angles  o f  attDck w:>.en power was a p p l i e d .  
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21. When the power absorbed by the  f ron t  p r o p e l l e r  was . 

approximately equal  t o  the power absorbed by the  rear pro -  

p e l l e r ,  t he ra  was l i t t l e  evidence of r o t a t i o n  in t h e  s l i p -  

stream. 
cv 
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Langley Memorial Aeronautic a1 Laboratory, 
Nat ional  Advisory Coxxiittec for Aeronautics, 

Lanz ley  Ffe ld ,  Va. Janusry 7, 1943. 
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Figure 4.- Propeller installation on the 3/4-scale 
model of the XP-69 airplane. 
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