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RESE-mCH lJlENO3ANDUM 

f o r  t h e  

A i r  Na te r fe l  Command, U.S. A i r  Force 

AN INVESTIGATION CF THE WING AND TEE WIHG-FUSELAGE 

C O ~ 4 3 I M d T I O N  OF A FULL-SCALE hODPL OF THE 

3EPUBLIC XI?-9l'AfRPLAHE IN THE . AMES . 

h- BY 80-FOOT W I N D  TUNNEL 

By Lynn ttfe Hunton and Joseph K.. Dew 

Wind-tunnel t e ~ t s  of a f u l l - s c a l e  model of t h e  Republic 
XP-91 a i r p l a n e  were conducted t o  determine the  l o n g i t h d i n a l  
end l a t e r a l  c h a r a c t e r i s t i c s  of t h e  wing alone and t h e  wing- 
fuse lage  combination, the  c h a r a c t e r i s t i c s  of the a i l e r o n ,  and 
the  dampins i n  r o l l  af the wing alone. Various h i g h - l i f t  
devices  were inves t iga ted  inc luding  t ra i l ing-edge  s p l i t  f l a p s  
and p a r t i a l -  and f ull-span leading-edge slats and Krueger--type 
nose f l a p s .  

Resul t9 of t h i s  i n v e s t i g a t i o n  ~hoznred t h a t  a very 
s i g n i f i c a n t  p i n  i n  maximum l i f t  could be achieved through use 
of t h e  proper leading-edge device ,  The maximum l i f t  cqef f i -  
c i e n t  of t h e  model wi th  s p l i t  f l a p s  and the o r i g i n a l  p & r t i a l -  
span s t r a i g h t  s l a t s  .was only 1.2; whereas a value of approxi- 
mately 1.8 w a s  obtained by drooping t h e  s lat  and extending 
it fu- l l .  gpan, Iwpr~vezient i n  maximum l i f t  of approximately 
the  same ainount r e s u l t e d  when a ful l -span nose f l a p  w a s  
s u b s t i t u t e d  f o r  t h e  o r i g i n a l  par t ia l - span  slat. 

INTRODUCTION 

The Republic KP-91 a i r p l a n e  i s  a je%-and rocket-powered 
i n t e r c e p t o r  f ightei- wi d 
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wings. Owing t o  t h i s  unique wing p lan  form on which l i t t l e  
d a t a  a t  present  are a v a i l a b l e ,  the A i r  MF-teriel  Com~and, U,S,  
A i r  ~ o r c e ,  requested that t e s t s  of a f u l l - s c a l e  model of the  
X?-91 be conducted i n  the  Ames 40- b y  go-foot wind tunnel  t o  
determine i t s  genera l  aerodynamic cha ra -c te r i s t i c s .  

\ 

Presented h e r e i n  e r e  the  lon$tudinal- and l a t e r a l -  
s t a b i l i t y  C h ~ r a C t e F i ~ t i ~ ~  of t h e  d ing  ?.lone and the  wing- 
fuse lage  combination, the cha rec te r i s tLcs  of the  a i l e r o n ,  
and the  da-mping-in-roll cha.re.cteris t i c s  of tlie wing alone as 
me2sured on a r o l l i n g  stand. To impyove the  ma.ximum l i f t  of 
the  wing, sever2.l e l t e r n a t e  leading-edge 2.uxilizry l i f t  devices  
were i n v e s t i g a t e d  end these  r e s u l t s  a r e  a l s o  repor ted  herein.  
lditb t h e  except io2 -of the maximum l i f t  c h a r a c t e r i s t i c s  of the  
wing, no a n z l y s i s  o r  d iscuss ion  of these d a t a  i s  presented i n  
t h i s  r e p o r t .  

 he r e s u l t s  of the  t e s t s  r..re presented as stzndard NACR 
c o e f f i c i e n t s  of f o r c e s  and moments r e f e r r e d  t o  the  s t a b i l i t y  
8.>:es shown i n  f i g u r e  1; The c o e f f i c i e n t s  9-nd symbols a r e  
def ined  a s  f oiloers: 

. , 

CL l i f t  c o e f f i c i e n t  ( ~ 3  
CD drag c o e f f i c i e n t  I /aap) \. a s .. 

CY side-force coef i i c i e n t  

C m ' i p i t c h i n g  moment pitching-homent c o e f f i c i e n t  , . asc 
Cn ya-wing-moment c o e f f i c i e n t  /yawing moment) 

clSb 
I 

C.  rolling-moment c o e f f i c i e n t  r o l l i n g  moment) 
b '. Sb I 

C~~ 
danping-in-roll  parameter; r n t e  of change of 

rolling-moment c o e f f i c i e n t  wi th  wing-tip h e l i x  
i k g l e  

1. 
d,pb 2V 
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U n  e moment 
Cha a i l e r o n  hinge-moment c o e f f i c i e n t  (--*) 
pb/2V wing-tip h e l i x  angle, radians  

a angle of a t t a c k  of wing chord plane and/or fu-selage 
re fe rence  axis, d-egrees 

$ angle of s i d e s l i p ,  degrees  

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

wing span measured perpendicular  t o  plane of 
symmetry (31.33 ft) 

wing nean aerodgnamlo ohorcl ( 1 ~ .  59 f t )  ($J b/a cad-y) 
0 

Vkl f i r s t  moment of area a f t  of a i l e r o n  hinge l i n e  
about hinge l i n e  (22.11 f t 3 )  

P angular  v e l o c i t y  i n  r o l l ,  r ad ians  per second 

4 free-stream dynamic pressure ,  pounds per  square f o o t  

R Reynolds number 

S wing a r e a  (320 sq f t )  

V free-stream v e l o c i t y ,  f e e t  per second 

Model and Eqv.ipment 

The f u l l - s c a l e  model of the  XP-91 used f o r  the  t e s t s  w a s  
suppl ied  throv.gh t h e  Air H a t e r i e l  Conirnand by the Republic 
Aviat ion Corporation, A three-view drawing of t h e  model 
g iv ing  p e r t i n e n t  dimensions i s  presented  i n  f i g u r e  2,  

The wing plan fprm i s  cha rac te r i zed  b y  37.5' of sweei3back 
of the q u a r t e r  chord l i n e  and .a t ip- to-root  chord r a t i o  of 

' ~ x c e ~ t  where noted, all chords and spans used i n  t h i s  r e p o r t  
a r e  p a r a l l e l  and perpendicular  t o  the  plane o f  symmetry, 
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1 .63  ( i n v e r s e  t a p e r ) .  The b a s i c  development of t h e  wing i s  
about  t h e  50-percent chord l i n e .  The wing s u r f a c e  i s  determined 
by two a i r f o i l  s e c t i o n s  l a id  ou t  norri12,l t o  t h i s  l i n e  and 
l o c a t e d  27 and 186 i n c h e s ,  r e s p e c t i v e l y ,  from t h e  p lane  of 
symmetry. Both s e c t i o n s  a r e  t h e  sane (maximum t h i c k n e s s  of 
10 p e r c e n t  a t  t h e  40-percent-chord p o i n t  and a des ign  l i f t  
c o e f f i c i e n t  of 0.17) excep t  forward 69 t h e  0.15-chord p o i n t ,  
Over t h i s  s e c t i o n ,  t h e  o r d i n a t e s  and nose r a d i u s  of t h e  inboard  
s e c t i o n  a r e  reduced as shown i n  t h e  t a b l e  of o r d i n a t e s  g iven 
i n  f i g u r e  3. The wing s u r f a c e  a t  any spanwise s t a t i o n  from 
0 t o  1 6 3  inches  i s  gene ra t ed  by s t r a i g h t  l i n e s  connec t ing  t h e  
p o i n t s  of e q u a l  chordwise percen tage  on t h e  two given s e c t i o n s ,  
A t  s t a t i o n  163, t h e  t i p  development beg ins  and from th is  
s t a t i o n  t o  s t a t i o n  1g$ the  a i r f o i l  s e c t l o n  i s  a l t e r e d  t o  g ive  
t h e  d e s i r e d  t i p  contour .  The wing has ze ro  d i h e d r a l  and no 
t w i s t ,  

A i l e r o n s  on t h e  model were of an i n t e r n a l  s e a l e d  ba lance  
type.  The a i l e r o n  chord a f t  of t h e  hinge l i n e  w a s  27 pe rcen t  
of  t h e  wing chord and t h e  ba lance  chord was 30.9 pe rcen t  of 
t h e  a i l e r o n  chord, ( ~ a l a n c e  a r e a ,  2-f t e r  a ccoun t ing  f o r  
one-half s e a l  a r e a  and f o r  c u t o u t s  vas 30.2 pe rcen t  of  t h e  
a i l e r o n  a r e a  a f t  of t h e  h inge  l i n e . )  The l e f t  a i l e r o n  on ly  
w a s  t e s t e d  and was r i g g e d  w i t h  an  e l e c t r i c  a c t u a t o r ,  a s e l s y n  
motor i n d i c a t o r ,  and an e l e c t r i c a l  r e s i s t a n c e - t y p e  bending 
s t r a i n  gage f o r  remote c o n t r o l  and i n d i c e t i o n  of t h e  d e f l e c t i o n  
a n g l e  and h inge  momegt, r e s p e c t i v e l y .  The maximum t r a v e l  f o r  
t h e  a i l e r o n  w a s  -+ 1 g  , 

The wing w a s  equipped w i t h  two l i f t  i n c r e a s i n g  devices :  
s p l i t  f l a p s  over  t h e  inboard  s e c t i o n  s.nd leading-edge s la ts  
over  t h e  outboard s e c t i o n .  The f l a p s  were 40-perceng span and- 
35.5-percent chord and could he d e f l e c t e d  t o  30°, 40 , 50°, 
and ~ o O . ~  The s l a t  was o r i g i n a l l y  only  49-percent  span and- 
cou ld  b e  extended forward only  i n  t h e  chord ? lane.  However, i n  
t h e  course  o f  t h e  t e s t s ,  mod i f i ca t i ons  were made so  that 
p a r t i a l -  and fu l l - span  slats could  he t e s t e d  e i t h e r  i n  t h e  
s t r a i g h t - o u t  o r  drooped p o s i t i o n .  ( s e e  f i g .  k .  ) Because t h e  
wing l e a d i n g  e6ge was fixed- over t h e  inboard  s e c t i o n  of t h e  
wing, t h e  inboard  s la t  had t o  be moimte8 ahead of t h e  wing 
lead-ing edge, Conseqyently,  f o r  t h e  full-s;7ian-slat i n s  ta l la-  
t i o n ,  t h e  junc ture  of t h e  inboa-rd and outboard p o r t i o n  was 
d i scon t inuous .  Also i n v e s t i g a t e d  was a fu l l - span  Krueger- 

'Pla.9 d e f l e c t i o n  a n g l e s  were measured i n  a p l a n e  p e r p e n d i c u l m  
t o  t h e  f l a p  h inge  l i n e ,  
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type nose f l a p .  The dimensional d e t a i l s  of this  f lap  a r e  
shown i n  f i g u r e  4, 

The model wes so designed t h a t  t h e  wing could be t e s t e d  
a lone  t o  determine i t s  s t a t i c  force  c h e r a c t e r i s t i c s  and i t s  
darning-in-rol l  c h a r a c t e r i s t i c s .  For t he  wing-alone f o r c e  
t e s t s  t h e  wing w a s  mounted on a f a i r e d  s t i n g  support  boom a t  
a 5 O  incidence,  and the  boom i n  t u r n  was a t t ached  t o  the  three-  
s t r u t  support  system. A photograph of th i s  i n s t a l l a t i o n  i s  
shown i n  f i g u r e  5. The f o r c e  t e s t s  of t h e  wing and fuse lage  
combination were made w i t h  t h e  model mounted on t h e  three-  
s t r u t  support  system i n  the s tandard  zznner as shown i n  the 
photograph of f i g u r e  6. The incidenoe of the  wing w i t h  
r e fe rence  t o  t h e  fuse lege  re fe rence  l i n e  w a s  0'. 

The i n v e s t i g a t i o n  of t he  damping-in-roll c h a r a c t e r i s t i c s  
of t h e  wing was condzactea i n  the tunnel  t e s t  s e c t i o n  w i t h  t he  
wing mounted on the r o l l i n g  apparatus  shoarn Pn t h e  photograph 
of 2 igure  7. The r o l l i n g  appara tus  cons i s t ed  of a support  
s t a n d  on tnrhich w a s  mounted a variable-speed e l e c t r i c  d r i v e  
motor, a geared reducer ,  and  a torque tube s e t  i n  two r o l l e r  
bea r ings  G~ith t h e  a x i a  of r o t a t i o n  cofncident  w i t h  t h e  
c e n t e r  l i n e  of t h e  tunnel ,  The angle of incidence of the  
wing w i t h  r e s p e c t  t o  the  r o l l i n g  axis could be v a r i e d  from 
-lo t o  290a A res i s t ance - ty  e  t o r s i o n  e t r a i n  gage equipped 
w i t h  s l i p  rings and brushes 7 i n s t a l l e d  between the geared 
re6ucer  and torque tube)  and a recording  osc i l lograph  were 
used t o  measure the  r o l l i n g  r e s i s t a n c e  torque of the  wing i n  
a s t eady  r o l l .  

TESTS 

Force t e s t s  were made t o  determine the  s t a t i c  long i tud ina l  
an.id3.ateral c h a r a c t e r i s t i c s  through an zngle-of-attack range 
f o r  both  wing alone 2nd the wing p l u s  fuse lage ,  each wi th  the  
wing olean,  w i t h  par t ia l - span  sp l i t  f l a p s ,  and wi th  var ious  
combinations of leading-edge devices. The w i  ng-alone inves t i -  
g a t i o n  a l s o  included t e s t s  o f  the  l e f t  a i l e r o n  t o  determine 
e f f e c t i v e n e s s  and hinge moments a t  s e v e r a l  a n ~ l e s  of s i d e s l i p  
w i t h  the wing o lean ,  wi th  s p l i t  f l a p s  down, with t h e  outboard 
leading-edge straight slats extended, and wi th  f l a p s  and slats 
extended. 

T e s t s  were m ~ d e  of t h e  wing i n  s tcady r o l l  t o  determine 
the damping-in-roll (cZp ) c h a r a c t e r i s t i c s  o f  t h e  wing clean,  
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wi th  s p l i t  f l a p s  d e f l e c t e d ,  and w i t h  f l a p s  and t h e  outboard 
s t r a i g h t  slats extended. For each conf igura t ion ,  the angle  of 
incidence of the  wing wi th  r e s p e c t  t o  theoax i s  of r o l l  was 
v a r i e d  from approximately -lo t o  29' i n  5 increments. For  a l l  
t e s t s ,  t h e  dynamic pressure  w h e l d  constant  a t  25 pounds per  I square f o o t  and the  value of - v a r i e d  from about 0.02 t o  0.11 

- ZP 
by varying the  speed of r o t a t i o n  of the  wing. The Clpldata 
presented he re in  a r e  average va lues  f o r  the  wing i n  one complete 
r o l l i n g  cyc le  as determined from t h e  i n t e g r a t i o n s  of t h e  
recorded damping-torque time h i s t o r i e s .  

A l l  t e s t s  were run  a t  a dynamic pressure  of' 25 pounds per  
square f o o t  which correspofids t o  an a i rspeed  o f  about 100 miles 
per  hour a t  s tandard sea- level  condi t ions  and t o  a t e s t  Reynolds 
number of 9.3 X lo6  based on the  mean aerodynamic chord of 10.59 
f e e t ,  

CORRECTIONS 

No suppor t -s t ru t  t a r e s  have been appl ied  t o  e i t h e r  t h e  
wing a lone  o r  wing-fuselage-combination da ta .  The t a r e s  f o r  
the-support  s t r u t s  ( conf igura t ion  used i n  t h e  t e s t s  of t h e  
wing-fuselage combination1 a r e  known t o  be r e l a t i v e l y  small 
w i t 5  t h e  exception of t h e  d rag  t a r e  (OCD i s  o f  t h e  order  of 
0,0030 a t  zero l i f t ) .  

To evaluate  t h e  st ing-support  boom t a r e s  f o r  the  wing- 
alane t e s t s ,  s t a t i c  pressure  measurements over the  boom were 
made. A l l  f o r c e s  and moments except f o r  drag  have been 
cor rec ted  f o r  these  t a r e s .  The drag  t z r e  o f  t h e  boom, al though 
probably q u i t e  l a r g e ,  could not  be measured r e a d i l y  owing t o  
the d i f f i c u l t y  of support ing t h e  wing i n  the presence of the  
boom b u t  not  a t t ached  t o  it. Since the  drag t a r e s  of t h e  boom 
and support  s t r u t s  a r e  known t o  be appreciaEle ( b C D  1 O . O l t ? O ) ,  
the  abso lu te  values of the drag  d a t a ,  as presented  he re in  f o r  
the wing a lone ,  have l i t t l e  s ign i f i cance  o ther  than t o  show 
the  e f f e c t  of var ious  conf igura t ion  changes. 

Correc t ions  f o r  a ir-s t ream i n c l i n a t i o n  and tunnel-wall 
e f f e c t s  have been app l i ed  t o  a l l  t h e  s t a t i c  f o r c e  data .  Brief  
i n v e s t i g a t i o n s  of tunnel-wall co r rec t ions  f o r  swept wings have 
ind ica ted  t h a t  co r rec t ions  f o r  boundary eff 'ects  a r e  determined 
p r imar i ly  by the spans and a r e a s  of models and a r e  not  s r e a t l y  
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a f f e c t e d  by sweep. Hence, t h e  fol lowing s tandard cor rec t ions  
f o r  unswept wings have been app l i ed  t o  t h e  angle of a t t a c k  and. 
drag  c o e f f i c i e n t  da ta :  

For the dvnaxic r o l l i n g  t e s t s  of' t h e  wing, a cor rec t ion  
was inves t iga ted  i n v o l v i n ~  t h e  l n f l  uence of the  tunne l  wa l l s  
on t h e  rnea.su.red damning i n  r o l l .  A s  an approximation, 
i n t e r f e r e n c e  e f f e c t s  were determined f o r  two p o s i t i o n s  of the  
wing ( h o r i ~ o n t a l  and v e r t i c a l ) ,  i t  being assumed i n  both  
cases  t h a t  the  t e s t  sec t ion  was rec tangu la r  and that t h e  
s t a t i c  induct ion e f f e c t s  of the  wing a t  r e s t  c l o s e l y  
approximateci those of a  wing i n  s teady r o l l .  The computations 
sho-r-red t h a t  the  rneasured damping moments were 1 percen t  low 
f o r  t h e  wing i n  the  h o r i z o n t a l  p o s i t i o n  and 7 percent  high f o r  
the wing i n  the  v e r t i c a l  p o s i t i o n .  Since i n  these  t e s t s  
average rolling-moment d a t a  were obtained f o r  a complete 
cyc le  i n  r o l l ,  t h e  over-al l  e f f e c t  of th i s  w a l l  i n t e r f e r e n c e  
w a s  of the  order  of 3 percent  which has been neglec ted  i n  the  
d a t a  r epor ted  lierein. 

RESULTS AND D I 3 Z U S E I O N  

The r e s u l t s  of t h i s  i n v e s t i g a t i o n  of the  wins alone and 
t h e  wing-fuseloge combnbination a r e  a r e s e n t e a  i n  f i ~ u r e s  g 
'through 37 as o u t l i n e d  i n  t a b l e  I. I n  f i g u r e s  8 t o  14  a r e  
shown t h e  genera l  l o n g i t u d i n a l  c h a ~ ? ~ o t e r i s t  i c s  of t h e  model, 
and i n  f i s u r e s  15 t o  20 a r e  s i v e n  the  aerodynamic charac- 
t e r i s t i c s  of t h e  model i n  s i d e s l i p .  Data showing t h e  
e f f e c t i v e n e s s  of  the  a i l e r o n  a r e  presented i n  f i g u r e s  21  t o  
36, end i n  f i g u r e  37 a r e  shown t h e  r e s u l t s  of t e s t s  of the 
damping i n  r o l l  of t h e  wing a t  severe l  va lues  of' l i f t  
c o e f f i c i e n t .  A 1 1  fo rces  and moments a r e  r e f e r r e d  t o  t h e  
s t c S i l i t y  axes o r i g i n a t i n g  a t  a center-of-gravity p o s i t i o n  
l o c a t e d  on t h e  wing-chord plane and a t  t h e  25-percent mean 
aerodynamic chord f o r  the wins-alone t e s t p  and a t  the  1g- 
percent  M.A.C. f o r  the wing p l u s  fuselage t e s t s .  A 1 1  an 
of -a t tack  rnea~i.~re;xcnts r e f e r  t o  t h e  wing-chord plane and 
t o  t h e  fuse lage  reference  a x i s  s ince the  incidence of the  
wing - t o  fusebase was cO. 
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~ a r l y  i n  t h e  i n v e s t i g a t i o n  of the wing, i t  w a s  found that 
the  s t r a i g h t  s la t  (outboard only)  wns r e l a t i v e l y  i n e f f e c t i v e  
i n  i n c r e a s i n g  CL~,,. (See f i g .  11. ) I n  an e f f o r t  t o  improve 
CLmax, a s la t  was ad-ded t o  the  inboc-rd s e c t i o n  of the  wing 
and p rov i s ions  made t o  t e s t  e i t h e r  o r  both  t h e  inboard and 
outboard s la ts  i n  the  s t r a i g h t  o r  a drooped pos i t ion .  AS a 
poss ib le  a l t e r n a t e  f o r  the s l a t ,  a ful l -span Krueger-type 
nose f l a p  was a l s o  provided. D e t a i l s  of these  leading-edge 
d-evices a r e  given i n  f i g u r e  ll., and the  cha ra . c t e r i s t i c s  of the 
model eouipped wi th  s p l i t  f l a p s  and var ious  leading-edge 
conf igura t ions  a,re presented i n  figu-res 10 through 13. To 
f a c i l i t a t e  comparison, the  l i f t  curves near s t a l l  f o r  these  
conf igura t ions  a r e  reproduced i n  f i g u r e  323 and the  a-pproximate 
values of t h e  usab le  C L ~ ~ ~  ( f l a p s  l$Uo) a r e  summa.rized i n  t h e  
fol lowing t ab le :  

. . 

For the  optimu-rn3 s t r e i g h t  s la t  p o s i t i o n  (0.05 1I.A. C ,  ) , 
3The optimum s t r a i g h t  s l a t  p o s i t i o n  w a s  based on t h e  most fa-vor- 

ab le  d r a g  ~ h ~ r ~ c t e r i s t i c s  s i n c e  f u r t h e r  e ~ t e n s i o n  of the  s la t  
showed n e g l i g i b l e  increa-ses i n  l i f t .  

-C~max  
(2pprox. ) 

1.1 

1 , 2  

1 . 2  

-1.2 

1.2 

1 . 2  

1. 

Leading edge 

Droop Droop 
s la. t slat 
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Nose f l a p  Nose f l a p  
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P l a i n  
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s la t  
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P l a i n  
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F la.in 

P l a i n  

S t r ~  i g h t  
sl2.t 

S t r a i g h t  
s l6 t  

F l a i n  

Droop 
s l a t  

Droop 
sle t 
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e i t h e r  p a r t i a l  o r  f u l l  span, an  increment i n  maximum l i f t  
c o e f f i c i e n t  o f  on ly  about 0 . 1  w a s  obtz.ina.ble. Eowever, by 
' o t a t i n g  t h e s e  same s l a t s  d-own t o  2. drooped p o s i t i o n  i t  w a s  
found tha t ,  a l t hough  no s i ~ n i f i c a n t  improvement I n  CLmax 
r e s u l t e d  from t h e  ind-ivid-uhl i n s t a l l a t i o n  of e i t h e r  t h e  
outboard o r  i nboa rd  part ial-spa.n sl0.t i n  t h e  drooped p o s i t i o n ,  
an i n c r e a s e  i n  C L ~ , ~  of 0.7 w a s  obta- inable  with t h e  fu l l - span  
drooped. s lat .  Likewise ,  t h e  ful l -span Krueger-type nose  
f l a p  caused a. similer improvement i n  CLmax of about  0.6. 
This impress ive  improvement i n  t h e  maximun l i f t  c h a . r a c t e r i s t i c s  
of t h e  wing lead-s t o  t h e  fo l l owing  gene ra - l i z a t i ons :  F i r s t ,  
t h e  upwash induced a t  t h e  wing t i p s  b y  sweepbeck i s  appa,rently 
reduced t o  such an  e x t e n t  by t h e  i n v e r s e  t a p e r  (as would be 
p r e d i c t e d  by t h e  t h e o r e t i c a l  r e s u l t s  of  r e f e r e n c e  1) that a 
uniform span~p~ i se  d i s t r i b u t i o n  of s e c t i o n  l i f t  c o e f f i c i e n t  
r e s u l t s  which ca.%ses sepa.rat.i,on t o  occur  s imul ta~neous ly  ove;. 
t h e  e n t i r e  spnn. Th~zs, t o  e f f e c t i v e l y  fielay t h i s  sepa . r~ . t ion ,  
a.ny c o r r e c t i v e  meesure must be a p p l i e d  t o  t h e  f u l l  sp8.n; and 
second,  t h e  r e l a t i v e l y  sho.rp le2,d-ing-edge r ~ d i u s  (about  0.6- 
p e r c e n t  chord-) of t he  wing promotes 1arnina.r s e p a r a t i o n  at  t h e  
l e a d i n g  edge which can be con t ro l l ed .  t o  a. la.rge e x t e n t  by an  
i n c r e a s e  i n  ca.mber of  t he  l e a d i n g  ec?ce such as was e f f e c t e d  
by e i t h e r  t h e  drooped s la t  o r  t h e  nose  f l a p .  The i n e f f e c t i v e -  
n e s s  of t h e  fu l l - span  s t r s i g h t  sl2,t v72.s appa ren t ly  due t o  
s e p a r a t i o n  a t  t h e  nose of t h e  s lat .  >Then i n  t h e  drooped 
p o s i t i o n ,  t h e  s lat  w a s  a c t i n g  p r i m a r i l y  2,s a cazber-changing 
d e v i c e  relieving laminar  s e p a r a t i o n  and n o t  as a t r u e  s l a t  
e n e r g i z i n g  t h e  bounc?ery-layer a i r  t o  r e l i e v e  t u r b u l e n t  
s e p a r a t i o n .  Evid-ence s u b s t a n t i a t i n g .  t h i s  i s  given i n  t h e  
r e s u l t s  of t h e  t e s t s  of the  wLng ::rith t h e  f u l l - s p a n  drooped 
s la ts  where c l o s i n g  of t h e  s lo tb 'beh lnd  t h e  outboar8 s l a t  
caused l i t t l e  e f f e c t  on t h e  va lue  of C L ~ ~ ~ .  

Arne s Aeronz-ut ics l  Le.bor2.t o ry  , 
Nat iona l  Advisory Committee f o r  Aeroneut ics ,  

3:offett F i e l d ,  Ca l i f .  

1, DeYouns, John: Theoret ic?-1  A d d i t i o n a l  Span Loading 
C h a r a c t e r i s t i c s  of Wings V i t h  A r b i t r a r y  Sweep A ~ y e c t  
Ra t io ,  2nd Taper 3a.tio. NACA TN No. 1491, 1947. 
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T B L E  1,- INDEX TO THE BASIC DATA FIGURE3 

General oonf igura t ion  

Longitudinal c h a r a c t e r i s t i c s  

Wing + f l a p s  

Wing alone + f l a p s  S t r a i g h t  slats 

W ing-fuselage + f l a p s  Drooped slats 

W ing-f uselage + f l a p s  

Wing-fuselage + 
F b S *  drooped s l a t s  

L a t e r 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  

Wing a lone ,  p l a i n  

Wing alone + f l a p s  

Wing alone + s t r a i g h t  s lats  

Wing-fuselage , plain 
Wing-fuselage + F b S ,  drooped 

slats  + f l a p s  

Ai leron  c h a r a c t e r i s t i c s ~  

Wing a lone ,  p l a i n  
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a 

t 

Wing a lone  + straiqht slats - 
$ = 5.2' 

Wing a long  + s t r a i g h t  slats - 
8 = S.6 

Wins a lone  + s t r a i g h t  slats - 
f! = -4.3 0 

'Gine a lone  + s t r a i g h t  s la t s  - 
p - =  - 7 . 9 O  

Wing a lone  + s t r a i g h t  s lats 
+ f l a p s  - $ = o0 

Genera l  c o n f i g u r a t i o n  

Ai l e ron  Cha rac t e r i sS icg  (Cant.) 

a lone  + s t r a - i g h t  s lats - 

Kin? a l o n e  + s t r a i g h t  s la ts  
+-f la.ps 

Wing a lone ,  p l a i n  - = 0.1' 

DO.  8 = 5.2' 

DO. p = gS6O 

DO . f3 = -4.s0 

DO $ = -7.y0 

Wing alone+ f l a p s  - = O0 

Wing a lone  + s t r a i g h t  s lats - 
$ = O.1°  
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a 
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Damping-in-roll c h a r a c t e r i s t i c s  

Wlng a l o n e  F laps  and  s t r a i g h t  
s lats  



FIGURE LEGENDS 

Figure 1,- Sign convention f!or the s tandard NACA c o e f f i c i e n t s ,  
A l l  f o rces ,  moments, angles ,  and c o n t r o l  sur face  d e f l e c t i o n s  
a r e  shown as p o s i t i v e .  

Figure 2,- Three-view drawing of the Republic XP-91 full-oza:fe 
model with t a i l  removed, 

Figure 3.- D e t a i l s  o f  the Republic XI?-91 inverse  t ape r  wing* 

Figure 4,- The forms of the  leading-ed-ge a u x i l i a r y  l i f t  devices  
inves t iga ted .  

Figure 5.- The p l a i n  wing mounted on t h e  support  boom i n  the  
Ames b- by 80-foot wind tunnel,  

Figure 6,- The wing-fuselase i n s t a l l a t i o n  i n  the  Ames 40- by 
go-f oot wind tunnel ;  part la-l-span drooped s l a t s  and s p l i t  
f l a p s  extended, 

Figure 7.- View of the  i n s t a l l a t i o n  of t h e  p l a i n  wing mounted 
on the  r o l l i n g  wing s tand i n  the  -4mes 40- by 80-foot wind 
tunnel.  

Figure g,- Aerodyna,mic c h a r a c t e r i s t i c s  of the  wing and wing- 
fuse lage  combination. P l a i n  wing, 

Figure 9,- E f f e c t  of d e f l e c t i o n  of s p l i t  f l a p s  on t h e  aerody- 
namic cha - rac te r i s t i c s  of the  wing d o n e .  

Figure 10,- Aerodynamic cha . rac te r i s t i c s  of the wing and wing- 
fuse lage  combination. F laps ,  &oO. 

Figure 11.- E f f e c t  of var ious  outboard- s t r a i g h t  leading-edge 
s l a t  p o s i t i o n s  on t h e  aerodynamic c h a r a c t e r i s t i c s  of the 
wing alone. Flaps,  40'. 

Figure 12,- E f f e c t  of va.rious droopea leading-edge s l a t s  on 
the  aerod narilic c h a r a c t e r i s  t i c s  of t h e  wing-fuselage model. 8 Fla-ps, 40 . 

Figure 13.- Comparison of t h e  aerod-yna.mic o h a r a c t e r i s t i c s  of 
t h e  wing-fuselage model wi th  inboard and ful l -span s t r a i g h t  
s l e t s ,  er tented-  0.05 M.A. C . ,  and fu l l - span  nose f l a p s .  S p l i t  
f l a p s ,  boo. 
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Figure 1b.- Effect on the aerodynamic characteristics of the 
wing-fuselage combination of deflecting trailing-edge split 
flaps, Full-span drooped slats. 

Figure 15.- Effect of sideslip on the aerodynamic characteristics 
of the wing alone. Plain wing. (a) CD, a, Cm Vs CL. 

Figure 16.- Effect of sideslip on the aerodynamic characteristics 
of the wlng alone, Flaps, 40°, (a) CD, a, C, vs CL. 

Figure 16.- Conclud-ea, (b) Cy, Cn, Ct vs CL. 

Figure 17.- Effect of sideslip on the aerodynamic characteristics 
of' the wing alone, Outboard straight slats extended. 0.05 
14.A.C. (a) CD, a, Cm vs CL. 

Figure 17.- Concluded. (b) Cy, Cn, CZ vs CL* 

Figure 18.- Effect of sideslip on the aerodynamic characteristics 
of the wing alone, Flaps, boo, outboard straight slats 
extended 0.05 E1oA.C. (a) CD, a, C, vs CL. 

Figure 18.- Concluded. (b) Cy, c,, c t  VS CL* 

Figure 19,- Aerodynamic characteristics of the wing-fuselage 
combination in sideslip. Plain wing. (a) CD, a, Cm VS CL. 

Figure 19,- Concluded. (b)  Cy, C,, Cl Vs CL. 

Figure 20.- Aerod-yna.mic characteristkcs of the wing-fuselage 
combination i n  sideslip. Split flaps, 40°, full-span 
leading-edge d-rooped slats extended. (a) CD, a, Cm vs CL. 

Figure 20.- Concluded. (b) Cy, Cnl C J  vs CL. 

Figure 21.- Effect of aileron deflection on the aerodynamic 
characteristics in pitch of the Republic XP-91 wing alone, 
Plain wing. (8.1 a ,  G,, Cn vs CL. 

Figure 21.- Concluded-. (b) CI, Ch, vs CL. 

Figure 22,- Effect of aileron deflection on the aerodynamic 
characteristics in pitch of the Republic XP-91 wing alone, 
Flaps, boo. (a) a, Cm, Cn vs CL. 

Figure 22.- Concluded-. (b) C1, Cha vs CL* 
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Figure 23.- E f f e c t  of a i l e r o n  d e f l e c t i o n  on the  aerodynamic 
c h a r a c t e r i s t i c s  i n  p i t c h  of the Republic XP-91 wing alone. 
Outboard s t r a i g h t  s l a t s  extendea 0.05 M.A, C ,  
(a) a ,  Cm, Cn vs  CL. 

Figure 23.- Concluded. (b)  C J ,  Cha v s  CL. 

Figure 24,- E f f e c t  of a i l e r o n  d e f l e c t i o n  on the  aerodynamic 
c h a r a c t e r i s t i c s  i n  p i t c h  of t h e  Republic XP-91 wing alone, 
Flaps,  40°, outboard s t r a i g h t  s la ts  extended 0.05 M.A.C. 
( a )  a ,  C,, Cn v s  CL. 

Fisure  24,- Concluded. (b)  C J ,  Cha vs  CL. 

Figure 25.- Aileron c h a r a c t e r i s t i c s  on the  Republic XP-91 
wing. P l a i n  wing; B ,  0, lo. (a)  C l  and Cha vs  6,. 

Figure 25.- Concluded. (b) Cn and- Cm vs  6,. 

Figure 26.- Ef fec t  of a i l e r o n  d e f l e c t i o n  on the  aerodynamic 
c h a r a c t e r i s t i c s  of the  Republic JYF-91 wing. P l a i n  wing; 
B, 5.2". (a) C l ,  Cha vs  Sa. 

Figure 26.- Concluded. (b)  C,, Cm vs 6,. 

Figure 27 .- E f f e c t  of a i l e r o n  d-efle'ction on t h e  aerodynamic 
c h a r a c t e r i s t i c s  of the Repbulic XP-91 wing, P l a i n  wing, 
B, t3.6O. (a )  CZ, Ch, vs 6&. 

Figure 27.- Conclud-ed. (b) Cn, Cn VS Sa. 

Figure 2g,-  E f f e c t  of a i l e r o n  d-ef lect ion on the  aerodynamic 
c h a r a c t e r i s t i c s  of the Republic XP-91 wing, P l a i n  wing; 
B, -4.3'. (a)  Cz, C h a m  6a* 

Figure 26.- Concluded. (b)  C,, C, vs 6,. 

Figure 29.- E f f e c t  of a i l e r o n  d e f l e c t i o n  on the aerodynm-ic 
c h a r a c t e r l s t  i c s  of Iiepublic XI-91 wing. P l a i n  wing; 
B ,  -7.g0. (a)  C t ,  Cha v s  6,. 

Figure 29.- Conclu6ed. (b )  Cn, C, vs  8,. 

Figure 30.- E f f e c t  of a i l e r o n  d-ef lect ion on the aerodynamic 
c h a r a c t e r i s t i c s  of the Republic XP-91 wing. Flaps,  40'; 
B ,  0'. (a)  C J ,  Cha vs 8,. 

Figure 30.- Concluded. (b )  Cn ,  C, V s  Saa 



Figure 31,- Ef fec t  of a i l e r o n  d e f l e c t i o n  on t h e  aerodynamic 
c h a r a c t e r i s t i c s  of the Republic XP-91 wing. Outboard 
s t r a i g h t  s l a t s  extended O,O5 M*A.C.; 8 ,  0, lo. 
(a) C z  and Cha vs 6,. 

Figure 31,- Concluded. (b )  Cn and C, V s  6,. 

Figure 32.- E f f e c t  of a i l e r o n  d e f l e c t i o n  on t h e  aerodynamic 
c h a r a c t e r i s t i c s  of the  Republic XP-91 wing, Outboard 
s t r a i g h t  s la , ts  extended 0.05 M.A.C.; $, 5,2O, 
( a )  C l ,  Ch, vs 6,. 

Figure 32.- Concluded, (b)  Cn,  C, vs &a, 

Figure 33.- E f f e c t  of a i l e r o n  d e f l e c t i o n  on t h e  a-erodynamic 
c h a r a c t e r i s t i c s  of the  Republic XP-91 wing. Outboard 
s t r a i g h t  slats extended 0.05 M,A.C.; $, g.6". 
( a )  G I )  Cha vs 6,. 

Figure 33.- Concluded. (b) Cn9 Cm vs 6,. 

Figure 34.- Ef fec t  of a i l e r o n  d e f l e c t i o n  on the  aerodynamic 
c h a r a c t e r i s t i c s  of the  Republic XP--91 win . Outboard 
s t r a i g h t  s l a t s  extended 0.05 M.A.C.; f3, -&.3'. 
( a )  C z ,  cha v8 

Figure 34,- Conclud-ed. (b) Cn, Cm -JS 6aa 

Figure 25.- Effec t  of a i l e r o n  d e f l e c t i o n  on t h e  aerodynamic 
c h a r a c t e r i s t i c s  of the Republic XP-91 wing. Outboard 
s t r a i g h t  slats extended 0.05 M.A.C.; @, -?.go. 
(a )  c r ,  Cha vs 6, ,  

Figure 35,- Conclud.ed. (b) Cn, Cm vs 6,. 

Figure 36,- Ef fec t  of e i l e r o n  d-ef lect ion on t h e  aerodynamic 
c h a r a c t e r i s t i c s  of the  Republic SP-91 wing, Flaps 4-0'; 
outboard- s t r a i g h t  slats extend-ed 0.05 ]/;.A. C. ; , 0'. 
(a) C t ,  Cha vs 8,. 

Figure 36.- Concluded. (b) Cn, Cm vs 6,. 

Figure 37.- Damping-in-roll parameter v a r i a t i o n  w i t h  l i f t  coe$i'+ 
f i c i e n t  f o r  t h e  wing p l a i n ,  w i t h  f l z g s ,  and w i t h  f l a p s  and 
outboard s t r a i g h t  s la ts  extended 0.05 1iC.A. C. 

Figure 38.- Comparison of the maximum trimmed-lift c o e f f i c i e n t s  
f o r  the model wi th  and without var ious leading-edge high- 
l i f t  devices ,  F laps ,  &O0. 



Figure I.- S@ convention for the standufd NA CA 
coefficients. AN forces, moments, angles, and 
control surface def/ections are shown as positiveI( 
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F~GUAE 3.- DETAILS OF- THE REPUBLIC XP-91- 
6N VERSE 7% PER VgING. 
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STRAIGHT SLAT ~OUTBB.)  

DROOPED SLAT (QUTBU.) DR OWED SL A T ~ / N B D .  1 
NOTE: ALL S L A T  D/ME/JS/OiVS A R E  COMSTAMT A L o N ~  S P A N .  

R E S T R I C T E D  
NATIONAL APVlSORY COMMITTEE FOR AERONAUIICS 



Figure 5 .- The plain wing mounted. on the support boom in the Ames 40- by 80-foot 
wind tunnel. 



Figure 6.- %%a@ bring-FLasePage installation i n  the Ames 40- by 8 ~ f o o t w i n d  
tunnel; psrCcSaE--span arooped slats and- split flaps exkended. 
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