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NOTATION 

b wing span, m ( f t )  

n 
C~ 

drag c o e f f i c i e n t  about the wind a x i s ,  - 
qs 

0 

C~ 
ram drag c o e f f i c i e n t  about the body a x i s ,  - 

ram gqs 
9, 

C~ rolling-moment coefficient about the stability axis, - 
q s b  

L l i f t  c o e f f i c i e n t  about the  wind a x i s ,  - 
q s 

m 
pitching-moment c a e f f i c i e n t  about the s t a b i l i t y  axis a t  0 . 2 5 E ,  - qsz 

n yawing-moment coeff ic ient  about  the  s t a b i l i t y  axis, - 
q Sb 

s ide - force  coefficient about the stability a x i s ,  
q s 

wing-chord paral le l  to the plane of symmetry, m (ft) 

mean aerodynamfc chord, qbi2 c 2  dy, m (it) 

drag, N (lb) 

s t a t i c  axial fcrce, N (lb) 

gross thrust with 6cn O 0 ,  N (lb) 

s t a t i c  normal force, N ( lh )  

acceleration of erav i ty  , 9 . 8 1  m/sec2 ( 3 2 . 2  f t/sec2) 

horizontal  t a i l  incidence angle, deg  

tota l  lift on the model, N ( l b )  

rolling moment, N - m  I f t - l b )  

pitching moment, N*m ( f t - l b )  

yawing moment, N+m (Et-lb) 

standard absolute pressure, 101352.9 ~ / r n ~  (14.7 psi) 

free-stream static pressure ,  FI/rn2 ( l .b / f  t2) 



9 f ree - s t ream dynamic p r e s s u r e ,  ~/m' ( l b / f t 2 )  
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Y~ lower s u r f a c e  d i s t a n c e  from wing chord plane ,  %c 

Yu upper  s u r f a c e  d i s t a n c e  from wing chord plane, %c 

a a n g l e  o f  attack, deg 

B a n g l e  of sideslip, deg 

@v 
lift fan exit l o u v e r  d e f l e c t i o n  angle, deg 

P 

6 s r e l a t i v e  s t a t i c  p r e s s u r e ,  - 
Po 

' a i l  a i l e r o n  d e f l e c t i o n ,  deg 

6 l i f t l c r u i s e  f an  exhaus t  duc t  geometric angle, deg cn 

f 
t r a i l i n g - e d g e  flap d e f l e c t i o n ,  d e g  

6 
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fan exhaust  f l ow static turning a n g l e ,  tan-' 
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r u d d e r  d e f l e c t i o n ,  deg 
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WIND-TUNNEL INVESTIGATION OF A LARGE-SCALE MODEL OF A LIFT/CRUISE 

Bruno J .  Cambucci, Kiyoshi Aoyagi, and L .  S tewar t  R o l l s  

Ames Research Center  

SUMMARY 

An i n v e s t i g a t i o n  was conducted i n  t h e  Ames 40- b y  80-Foot Wind Tunnel t o  
de te rmine  t h e  aerodynamic c h a r a c t e r i s t i c s  of a l a r g e - s c a l e  model of a l i f t /  
c ru ise  f a n  V/STOL a i rcraf t .  The model was equipped w i t h  t h r e e  Fans,  one 
mounted i n  t h e  forward s e c t i o n  of  t h e  E u s e l a ~ e  i n  a l i f t  mode, and two mounted 
on top of a wing adjacent t o  the  f u s e l a g e  i n  a l i f t / c r u i s e  mode. 

The d a t a  t h a t  were ob ta ined  i n c l u d e  l o n g i t u d i n a l  and l a t e r a l - d i r e c t i o n a l  
c h a r a c t e r i s t i c s  of 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  on and off, For b o t h  
t h e  powered-l iEt  and c r u i s e  c o n f i g u r a t i o n s .  L a t e r a l - d i r e c t i o n a l  c h a r a c t e r i s t i c s  
were o b t a i n e d  wi th  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 e c t i o n s  removed. Powered- 
l i f t  d a t a  were o b t a i n e d  a t  s e v e r a l  wind-runnel v e l o c i t i e s  and  a t  s e v e r a l  l i f t /  
c r u i s e  fan t h r u s t  vector  a n g l e s  by va ry ing  t h e  p o s i t i o n  of the hooded d e f l e c -  
tors from 0' ( t h e  c r u i s e  c o n d i t i o n )  t o  90'. 

The td~SA/Navy L i f t l C r u i s e  Fan Airc ra fL  Technology Program i s  a c o o p e r a t i v e  
e f f o r t  between NASA and t h e  Navy; its purpose  i s  t o  e s t a b l i s h  a f i r m  technology 
base f o r  t h e  d e s i g n  of l i f t / c r u i s e  fan V/STOL m u l t i m i s s i o n  a i r c r a f t  f o r  both  
m i l i t a r y  and c i v i l i a n  a p p l i c a t i o n s .  The program may i n c l u d e  t h e  d e s i g n ,  
f a b r i c a t i o n ,  and f l i g h t  t e s t  of a  r e s e a r c h  and technology a i r c r a f t  tha t  u s e s  
a  l i E t / c r u i s e  f a n  p r o p u l s i o n  system. C u r r e n t l y  underway a re  d e s i g n  s t u d i e s  
(refs.  1 and 2 ) ,  wind-tunnel t e s t s  of smal l -  and l a r g e - s c a l e  models ( r e f .  3 ) ,  
and sys tems  e v a l u a t i o n  tests and s i m u l a t i o n  t o  develop t h e  base r e q u i r e d  Eor 
t h e  d e s i g n  of  a r e s e a r c h  and technology a i r c r a f t .  Th i s  r e p o r t  c o n t a i n s  t h e  
r e s u l t s  of  a l a r g e - s c a l e  wind-tunnel test  of a l i f t / c r u i s e  f a n  a i r c r a f t  mode2 
t y p i c a l  of one o f  s e v e r a l  c o n f i g u r a t i o n s  be ing  f .nves t iga ted  as c a n d i d a t e  con- 
f i g u r a t i o n s  f o r  a r e s e a r c h  and technology a i r c r a f t .  The tests were conducted 
i n  t h e  A m e s  Research Center  40- by 80-Foot Wind Tunnel. 

The l a r g e - s c a l e  l i f t / c r u i s e  fan V/STOL model used i n  t h i s  t e s t  was a 
m o d i f i c a t i o n  of a model used i n  t h e  t e s t  repor ted  i n  r e f e r e n c e  3 ,  The model 
l i f t / c r u i s e  n a c e l l e s  of t h e  p r e v i o u s  t e s t s  were modi f i ed  tc simulate t h e  l e n g t h  
requ i rement  f o r  a t y p i c a l  l i f t / c r u i s e  mechanical drive p r o p u l s i o n  zystem. The 
model was powered by t h r e e  l i f t  f i n s ,  each of which was d r i v e n  by a gas gener- 
a t o r .  Data were o b t a i n e d  fo r  two modes of o p e r a t i o n ,  powered l i f t  and c r u i s e .  
For t h e  cruise-mode o p e r a t i o n ,  clnly t h e  two g e n e r a t o r s  over  t h e  wing-mounted 



lift/cruise fans were powered; t h e  .forwnrd fan was covered,  S t a t i c  t e s t s  
planned f o r  t h e  hove: mode w i l l  be  t h e  s u b j e c t  o f  a separate r e p o r t .  

The l o n g i t u d i n a l  f o r c e  and moment c h a r a c t e r i s t i c s  of t h e  model, as w e l l  
as i t s  l a t e r a l - d i r e c t i o n a l  c h a r a c t e r i s t i c s ,  o r e  p resen ted  f o r  both  modes of 
o p e r a t i o n .  R e a u l t s  f o r  powered lift were o b r s i n e d  a t  o c o n s t a n t  Ean speed  
over a range of wind-tunnel v e l o c i t i e s ;  t h e  cruise  configurarion were r u n  a t  
t h r e e  l i f t / c r u i s e  fan e x i t  ve loc i t i e s  and a t  c o n s t a n t  wind-tunnel speed.  I n  
t h e  i n t e r e s t  of an exped ien t  r e l e a s e  of t h e  accumula ted  d a t a ,  t h e  tes t  data  
a r e  n o t  analyzed h e r e ;  t h e i r  a n a l y s e s  will be rhe subjec t :  of  f u t u r e  reports. 

MODEL DESCRIPTION 

Photographs  of  t h e  model mounted i n  t h e  h c s  40- by 80-Foot Wind 'runnel 
are shown i n  f i g u r e  1. Geometric d e t a i l s  and p e r t i n e n t  dimensions are 
p r e s e n t e d  i n  f i g u r e  2.  The model was e q u i p p e d  w i t h  a d j u s t a b l e  f l a p s ,  a i l e r o n s ,  
h o r i z o n t a l  s t a b i l i z e r ,  and ruddex.  The h o r i z o n t a l  and v e r t i c a l  t a l l  s e c t i o n s  
are removable. The a i l e r o n s  and h o r i z o n t a l  t a i l  were remotely c o n t r o l l e d .  

LiErlCruise Fan Nace l l e s  

The l i f t / c r u i s e  f a n  n a c e l l e s  of t h e  model descr ibed  i n  : Eerence 3 were 
extended forward t o  s i m u l a t e  a  l i f t / c r u i r ; e  fan mechanical d r i v e  p ropu l s ion  
system ( i , e . ,  t h e  g a s  g e n e r a t o r  mounted i n  l i n e  and d i r e c t l y  a f t  o f  t h e  f an ,  
t h u s  n e c e s s i t a t i n g  a l ong  n a c e l l e ) .  A c r o s s - s e c t i o n a l  view of t h e  nace l le  is 
shown i n  f i g u r e  2 ( c ) .  For expediency,  the l i f t / c r u i s e  f an  gas g e n e r a t o r  
i n l e t s  were n o t  a l t e r e d  when the Fan n a c e l l e s  were extended (see f i g .  2(a) and 
f i g ,  3 ) .  The nacelles were extended approximate ly  1.25 m ( 4 . 2  ft) f o r  t h e  
test  r e p o r t e d  here in .  

The wing aspect  r a t i o  was 4 . 5 ,  t h e  t a p e r  r a t i o  was 0,30, ani ' -  sweep 
a long  t h e  quarter chord  l i n e  was 25' .  An NACA 4416 a i r f o i l  sect s the  
b a s i c  wing s e c t i o n  a t  t h e  exposed r o o t .  Th i s  became a modified c i t i c a l  
a i r f o i l  w i t h  wing s t a t i o n  (0.442n) and t i p  hav ing  a thickness-to-cl  . r a t i o  
of 0.14 and 0.08, r e s p e c t i v e l y .  The wing i n c i d e n c e  was 3.23" a t  r exposed 
root and -2 .77"  a t  t h e  t h e o r e t i c a l  t i p ;  this r e s u l t e d  i n  a wing twist of 6 " .  
Wing a i r f o i l  o r d i n a t e s  are p r e s e n t e d  i n  t a b l e  i. 

F l a p s  and A i l e r o n s  

The wing c o n t r o l  s u r f a c e s  c o n s i s t e d  of p l a i n  f l a p s  and a i l e r o n s ,  b o t h  
hinged a t  the wing 75 percent chord l i n e  and with a c o n s t a n t  pe rcen t  chord 
radius .  A t y p i c a l  c ross  s e c t i o n  of  t h e  c o n t r o l  s u r f a c e s  I s  shown i n  Eig- 
ure  2 ( d ) .  Although t h e  f l a p s  and ailerons had a b u i l t - i n  s e a l ,  the  gap 



b e t w r r n  them and the shroud was raped f o r  a l l  r u n s  except  t h e  a i l e r o n  sweeps 
which r e q u i r e d  remote a i l e r o n  o p e r a t i o n ,  The f l a p s  could be s e t  a t  d i s c r e t e  
d e f l e c t i o n  p o s i t i o n s ,  bu t  f o r  t h i s  i n v e s t i g a t i o n ,  t h e  o n l y  d c f l e c z i o n  used was 
15". The ailerons hod n d e f l e c t i o n  range of  k25' .  

Empennage 

The h o r i z o n t a l  t a i l  was an NACA 64A0 s c r i c s  a i r f o i l  sccrion with  a 
th ickness- to-chord ra t io  a t  t h e  r o o t  of 0.10 and of 0 .08  a t  t h e  t i p .  Thc n l l -  
movable h o r i z o n t a l  t a i l  could be remotely  a c t u a t e d  and had an i n c i d e n c e  range 
of +20b.  

The v e r t i c h l  t a i l  had an NACA 65A010 a i r f o i l  sectlon and was equipped 
w i t h  a movable r u d d e r ,  For most t a i l - o f f  t e s t s ,  on ly  the h o r i z o n t a l  rail wan 
removed. A litrated amount of t e s t i n g  was conducted wi th  both  t h e  h o r i z o n t a l  
and v e r t i c a l  s e c t i o n s  removed. 

P r o p u l s i o n  System 

The model was equipped w i t h  t h r e e  36-in. dinnr. General  E l e c t r i c  X-376 
t u r b o - t i p  f a n s  w i t h  a  des ign  p r e s s u r e  r a t i o  of  1.1. As shown i n  f i g u r e  2 ( a ) ,  
one l i f t  fan  was mounted i n  t h e  forward f u s e l a g e  s e c t i o n  w i t h  t h e  t h r u s t  a x i s  
t i l t e d  15" forward w i t h  r e s p e c t  t c  t h e  h o r i z o n t a l  p l ane .  Two l i f t / c t u i s e  Eans 
were mounted i n  n a c e l l e s  on t h e  upper s u r f a c e  of  t h e  wing a d j a c e n t  t o  t h e  
f u s e l a g e .  Each of t h e s e  Eans w a s  powered by a modified T58-8B gas g e n e r a t o r .  
The r e l a t i o n s h i p  between t h e  f a n s  and gas g e n e r a t o r s  is shown by t h e  schemat ic  
i n  figure 3 .  

Thrus t  v e c t o r i n g  of t h e  forward fan was r~brd ined by a cascade of 1 4  
0.102-m (0 .333  E t )  chord p l a i n  l o u v e r s  r h a r  v r e  mounted a t  t h e  duc t  e x i t  a s  
shown i n  f i g u r e  2 ( b ) .  These l o u v e r s  werc remotely  opera ted  and v a r i e d  from 
103" t o  complete c l o s u r e  (0 ') .  Two yaw v e c t o r i n g  vanes were l o c a t e d  below t h e  
l o u v e r s  and 0.235 m (0.771 ft) symmetr ica l ly  o f f  t h e  model c e n t e r l i n e .  The 
vanes  had a chord O F  0.298 rn (0.978 f t )  a n d  could  be d e f l e c t e d  +20° .  For t h e  
cruise c o n f i g u r a t i o n  (60  = 0 ° ) ,  t h e  i n l e t  and t h e  e x i t  of t h e  forward l i f t  
fan were covered f o r  most cases w i t h  t h e  e x i t  louvers and yaw vanes  removed. 

T h r u s t  v e c t o r i n g  of  t h e  l i f t / c r u i s e  fans was ob ta ined  by u s i n g  t h e  same 
hooded d e f l e c t o r s  and c r u i s e  nozz le  (0") of r e f e r e n c e  4 .  Geometric a n g l e s  of 
90°, 71°, 5 6 * ,  and 38" were o b t a i n e d  by removing o r  adding c i r c u l a r  s e c t i o n s  
as shown i n  f t g u r e  2 ( c ) .  Two yaw v e c t o r i n g  vanes were l o c a t e d  a t  t h e  hooded 
d e f l e c t o r  e x i t  and could  be d e f l e c t e d  k20" a s  shown i n  f i g u r e  2 ( b ) .  The 
n o z z l e  geometric area of  t h e  hooded d e f l e c t o r  was 0.7678 n12 (1190 i n . * ) .  When 
t h e  c r u i s e  nozz le  w a s  used,  t h e  n o z z l e  geometr ic  a r e a  was 0.6937 m2 (1075 i n .  2 } .  

For t h e  c r u i s e  c o n f i g u r a t i c n ,  t h e  n o z z l e  w i t h  the 0" geomet r i c  ang le  w a s  
ured .  This nozz le  c o n f i g u r a t i o n  was used w i t h o u t  the yaw vanes .  



TESTS AND PROCEDURE 

Longi tud ina l  f o r c e  and moment da ta  were obta ined  a t  d i s c r e t e  l:ft/cruise 
fan ex i t  nozzle d e f l e c t i o n s  Eor model angle of  attack and  wind- tunne l  s p e e d  
ranges with the h o r i z o n t a l  t a i l  on and o f f ,  L a t e r a l - d i r e c t i o n a l  dnta wcrc 
o b t a i n e i  f o r  a range of s i d e s l i p  angles  a t  model a n g l e s  o f  a t t a c k  of U o ,  8 O ,  

and 16'. A summary of t h e  p r i n c i p a l  t e ~ t  variables for  t h e  powered-lift cnn- 
f i g u r a t i o n  is presented as fo l lows :  

q 67.032 t o  952.817 ~ / m ?  (1.4 co 19.9 p s f )  

6cn 90' to  38' 

a~ -4' t o  2 4 "  
B -12O t o  4" 

i t  - lo0  t o  20° 
Fan r p m / 6  3600 (nominal)  

Similar  d a t a  were o b t a i n e d  for  the cruise  c o n f i g u r a t i o n .  A summary of 
t h e  variables  f o r  t h i s  mode of o p e r a t i o n  i s  presen ted  bel~w: 

9 1699.749 ~ / r n ~  (35.5 p s f )  

Fan rpm/ 6 2700 to 1600 (nominal )  

When e i t h e r  t h e  a n g l e  of a t t a c k  or  a n g l e  of 8ides l i .p  was varied i n  the 
da ta  a c q u i s i t i o n  process,  t h e  fan rpm, wind-tunnel dynamic p r e s s u r e ,  f l a p  
d e f l e c t i o n ,  and fan exit nozz le  d e f l e c t i o n  were held c o n s t a n t .  I n  the  cruise 
c o n f i g u r a t i o n ,  d a t a  were obtained w i t h  the forward fan i n l e t  and e x i t  covered.  
A l l  t h e  data were ob ta ined  w i t h  the  nose gear extended. 

CORRECTIONS 

Force and moment d a t a  wi th  t h e  l i f t  fans windmil l ing (puwer o f f )  were 
c o r r e c t e d  f o r  wind-tunnel w a l l  constraints i n  the following manner: 

Cm = C + 0.0112CL (only ~ i i t h  t h e  h o r i z o n t a l  t a i l  on) 
m u u 



None of t h e  power-on d a t a  ( i . e . ,  l i f t  f a n s  d r i v e n  by  t h e  g a s  g e n e r a t o r s )  
was c o r r e c t e d  f o r  wind-tunnel w a l l  c o n s t r a i n t s .  C o r r e c t i o n s  hove n o t  been 
a p p l i e d  f o r  t h e  e f f e c t s  of t h e  exposed t i p s  on t h e  model f ir~pport  s t r u t s  o r  
f o r  ram drag ,  

PRESENTATION OF DATA 

S t a t i c  f an  performance ( i . e . ,  a t  wind-tunnel f ree-s t ream dynamic prcssurc 
of z e r o  q = 0 p s f )  f o r  t h e  l i E t / c r u i s e  and forward fans  is  p resen ted  i n  
f i g u r e s  4 through 6. L i f t / c r u i s e  fan d e f l e c t o r  s t m r i c  t u r n i n g  and t u r n i n g  
e f f i c i e n c y  a r e  p resen ted  i n  f i g u r e  7.  I n  Figure  8, the varLa t ion  a i  .jet: 
v e l o c i t y  r a t i o  w i t h  wind-tunnel v e l o c i t y  is  p resen ted  f o r  t h e  t h r e e  f a n s .  
The  v a r i a t i o n  of j e t  velocity r a t i o  w i t h  t h e  angle  of a t t a c k  and fan  rpm f o r  
t h e  c r u i s e  c o n f i g u r a t i o n  i s  p resen ted  i n  f i g u r e  9 .  Wlndmill ing c h a r a c t e r i s t i c s  
of t h e  l i f t / c r u i s e  f a n s  a t  v a r i o u s  t h r d s t  v e c t o r  ang les  and f o r  t h e  forward 
l i f t  f a n  a r e  p r e ~ e ~ l e e d  i n  f i g u r e  10.  The v a r i a t i o n  of  fan t h r u s t  a t  forward 
speed t o  s t a t i c  f a n  t h r u s t  r a t i o  w i t h  a n g l e  of a t t a c k  at: s e v e r a l  j e t  v e l o c i t y  
r a t i o s  i s  p r e s e n t e d  i n  Eigure  11. V a r i a t i o n  of ram drag c o e f f i c i e n l .  with 
ang le  of  a t t a c k  a t  s e v e r a l  j e t  v e l o c i t y  r a t i o s  f o r  each fan ( t h r e e  Inns) i s  
p resen ted  i n  f i g u r e  1 2 .  The v a r i a t i o n  of l i f t ,  d r a g ,  and p i t c h i n g  moment 
c o e f f i c . c n t s  w i t h  je t  v e l o c i t y  r a t i o  of O D  a n g l e  of a t t a c k  a r e  p rpsen ted  i n  
f i g u r e  13 f o r  t h r e e  f a n  and l i f t / c r u i s c  fan  o p e r u t i o n s .  

An index t o  a l l  t h e  f i g u r e s  p r e s e n t i n g  t h e  b a s i c  aerodynanlic data  is 
given i n  t a b l e  2 ,  For e a s e  of p r e s e n t a t i o n ,  t h e  aerodynamic d a t a  have been 
d iv ided  i n t o  two p a r t s :  namely, powered l i f t  and c r i i s e ,  The l o n g i t u d i n a l  
aerodynamic c h a r a c t e r i s t i c s  of t h e  model I n  t h e  powered- l i f t  mode, w i t h  t h e  
h o r i z o n t a l  t a i l  on and o f f  t h e  model, a r e  p resen ted  i n  f i g u r e s  1 4  and 15. 
The aerodynamic c h ? r a c t e r i s t i c s  of t h e  model wi th  t h e  rudder  d e f l e c t e d  23" 
a r e  p r e s e n t e d  i n  f i g u r e  16, T l ~ e  e f f e c t  of  d i f f e r e n t i a l  a i l e r o n  d e f l e c t i o n  on 
t h e  model l o n g i t u d i n a l  and l a t e r a l  c h a r a c t e r i s t i c s  i s  p r e s e n t e d  i n  f i g u r e  17 .  
The . l a t e r a l - d i r e c t i o n a l  c h a r a c t e r i s t i c s  of t h e  model with s i d e s l i p  a r e  p resen ted  
i n  f i g u r e  18 w i t h  t h e  h o r i z o n ~ a l  t a l l  o f f  and i n  f i g u r e  19 w i t h  t h e  l l o r i z o n t a l  
and v e r t i c a l  t a i l s  o f f .  H o r i z o n t a l  t a i l  sweep e f f e c t s  on t h e  model l o n g i t u -  
d i n a l  aerodynamic c h a r a c t e r i s t i c s  a r e  p resen ted  fn f i g u r e s  20, 2 1 ,  2 2 ,  and 23. 
Other d a t a ,  such a s  t h e  e f f e c t  of t o t a l  d i f f e r e n t i a l  a i l e r o n  d e f l e c t i o n  and 
l i E t / c r u f s e  f a n  e x i t  n o z z l e s  w i t h  t h e  forward fan covered and i t s  e x i t  l o u v e r s  
c losed  (13, = O o ) ,  a r e  p r e s e n t e d  i n  f i g u r e s  24 and 25. 

L o n g i t u d i n a l  c h a r a c t e r i s t i c s  for the c r u i s e  with t h e  h o r i z o n t a l  t a i l  on 
and off are presen ted  i n  figures 26 and 27.  Also p resen ted  are  t h e  n i ~ d e l  
l o n g i t u d i n a l  and l a t e r a l  c h a r a c t ~ r i s t i c s  w i t h  a s i d e s l i p  of 8" i n  f i g u r e  28. 
Cruise-mode model l o n g i t u d i n a l  c h a r a c t e r i s t i c s  w i t h  t h e  f l a p s  and a i l e r o n s  
d e f l e c t e d  a r e  p resen ted  i n  f i g u r e  29, The v a r i a t i o n  of  s i d e  f o r c e ,  yawing- 
moment, and rolling-moment c o e f f i c i e n t s  w i t h  s i d e s l i p  a r e  p r e s e n t e d  i n  
f i g u r e  30. 
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TABL?E 1 - LARGE SCALE LIFT/CRUISE FAN AIRCRAFT MODEL AIRFOIL ORDINATES 

-l 

EXPOSED ROOT ( 0 . 2 2 1 ~ )  

STATION NACA 4416 

X, Xc Yu. Xc 

WING STATION (0.442q) 

Yt* zc 

'T'HEOmICAL T ' f  ( 0 . 9 4 1 ~ )  
1 r? 

MODLFIED, SUPERCKTICAL, t = 14Xc 
.I&& 

YU' X C  YL* Xc 
I 

I 

0 0 0 
I 1.25 3.275 1 -1.959 1 

1 

1 
1 
1 

1 
1 

t 
I 
1 
! 

I MODIFIED, SUPERCRITICAL, t = 8Xc 

I 

-2.645 

-3.486 

2.5 

5.0 

. . ! i + O _ ' . L  
1 

f 
I I 

100.0 0.171 -0.171 1 0.496 ' -0.447 1 0.108 1 -0.214 
I )  

1 L.E. RADIUS, Z c 2.822 3.041 I 1.154 
2.409 2.049 0.84: ! CHORD LWIGTH. ( ffl (8.231) (6.723) ( 2 . 9 2 2 )  

INCIDENCE, deg 3.23 2.49 -2.77 
*I 

YU* X C  

0 

1.422 

1,836 

2.307 

2.641 

0 

2.471 

3.233 

4.126 

4.448 

6.123 

70.0 1 8.139 I 
! -1*653 6.662 , -2.786 3 -  420 -1.465 I I 

!I 80.0 5.920 -1.099 I 5.685 ' -1.591 I I 
2.829 I -0.004 

90.0 \ 3.285 -0.608 1 ! 
: t 

3.980 I -0.194 
a i 1.843 : H.496 

95.0 1.781 -0.384 2.616 ' -0.210 i 1.090 
1 

i! 

- .  

Y,. Xc 

0 

-1.435 

-1.846 

-2.334 

-2.678 

2.902 

3.293 

3.569 

1 
3.768 

3.904 

i 4.029 

i 3.988 

1 3.788 
1 

5.208 ! -5.099 

5.945 1 -5.756 

6.481 -6.177 

6.376 j -6.433 

1 

7.165 f -6.560 

7.478  1 -6.435 
I 

7.494 -5 753 

I 7.229 -4.503 1 

0 

-2.467 

-3.218 

-4,069 

10.0 

I 15.0 
I 

! 

I 

-2 -944 

-3.335 

-3.598 

-3.766 

-3 * 682 

-3.837 

-3.531 

-2.766 

4.729 -4.653 7.5 

8.363 

9.888 

-4.245 

-4.459 

7.371 ! 

20.0 I 4; 
1 25.0 

-3.957 

1-0.933 

11.648 

12.000 

12.000 
; 
i 

-4.427 

-4 -245 

-4.000 

-3.467 

30.0 1 I 

40.0 

-2.901 

-2.283 
i 

L 

50.0 11.232 

60.0 9.920 
I 
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Horizontal 

-- 



TA3I.E 2 - LIST OF BASIC MTA FZGIlBES -- CONTIMED 

Differential 

H u l l z o n t d  m d  
V e r t i d  tail off 



TABU 2 - LIST OF BASIC DATA FIGURES - '' TTIHUED 



C - 

Bun No. 

80 
83 
77 
87 

81 
85 
78 
88 

deg 

0 . 

=usde' 

0 to 32 
t 

-4 to 32 

95 

70 
71 

90 
91 
9 3 

90 
92 
94 

$-u1. 

deg 

0 

"f. 

deg 

0 

84 
86 
79 
89 

97 
99 
98 

95 

Figure 

26(a) 

26(b>: 

Bvm 
deg 

0 to 32 

I 
- , t o 3 2  
0 to 32 

B 

deg paf 

1 
34.21 

it' 
deg 

9 

~/m' 

34.22.1638.5 

1 
1638.0 

2713 

' 1 
2695 
1591 

26(c) 34.18 

28(b) 

29 

Removed 

BR* 
, &g 

S i d r s b  r 

Foruard Fan Ialet 
aad fiit Covered 

Forward Fpn Inlet 
Covered 

1636.5 1 ' - 4 t o 3 2  
I 

2 7 

28(a) 

J I  
34.24 

&marks 
pan 

Fud .Fan  

I ' 7 lr j -- 

15 - 0 
- 

i 1 I t 

1638.0 

I t  
1638.9 

1639.5 
t f  

34.21 

34.23 

30(a) 

1 1; 
-20 
-10 

-20 Cruise Wde 

F l r d  F a  Inlet 
and Exit Covered 

w ~ / J B  
Y i n g F ~ n s  

Covered 

0 t o  32 

-4 to  32 

I 
4 t o  32 

i 
-4 $0 32 
-4 ro 20 

34.26 

0 0 2717 

1 
2U8 

0 
10 

-20 - 10 0 

10 

/"i 
0 

1640.4 

t 

-10 

I ,  
I 

2712 

1 
1615 

0 
8 
16 

33(b) 

2709 

'i" 
2157 
l592 

Sides l ip  

Forward Fgn h l e e  
and M t  b r e d  

34.19 
34.09 
34.18 

Korizcmcal tail o f f  

1637.0 
1632.2 
1636.5 I f 

C 
8 
16 I 







(7.4 F) 
- -  

-1 - , I -  
0. so- 

fL&J I 

5 74s 
p2.0 3) 

m2 
-' (FT'I 

ASPECT 
RATIO 

TAPER 
RATIO 

b' k . 1  

m 
Croat* (FT.) 

C t f p -  = 
( - 1  

- m 
C (m.1 
.; '- c / b  

(a) Overall dimensions and geometry 

Figure 2.- Geometric details of tbe model. 

UINC 

16.572 
(180.32) 

4.500 

0.300 

8.682 
(25.493 

2.960 
(9.738) 

0.890 
(2.920) 

2.1'6 
(6 .942)  

25.00' 

HORIZONTAL 
T A I L  

4.006 
(43.12) 

3.665 

0.405 

3.832 
(12.57) 

1.488 
(4.802) 

0.603 
(1.9871 

1.108 
(3.635) 

25.2' 

VEWTICAL 
TAIL 

3.096 
(33.32) 

0.608 

0.433 

1.659 
(4 .7P7)  --- 
2. ~ b -  
(5.711) 

:.ZBZ 
{4,20F) 

2.232 
(7.323) 

45.50' 



(b) Forward fan details. 

Figure 2.- Continued. 



( c )  Lfft/cruise fan deta i l s ,  

Figure 2.- Continued. 



,U07e-.' flap 7w S-. - MP#&v 8 W P d W  UIrp~d- 
flu 74- z* 

(dl  Details of a typical p la in  flap/aileron sectior.. 

Figure 2.- Concluded. 



 LOUVER^ 

Figure 3.- Schematic of the model showing gas generator and turbo-tip fan relationship- 



Figure 4 . -  Var ia t ion  o f  s t a t i c  t h r u s r  with lifr/cruise fan rpm; 6 = 0 ° ,  
c n 

= 0 ° ,  q = 0 ~ / r n ~  ( p s f ) .  
U 

19 



Figure 5.- Resultant stazic thrust  and static turning angle  w i t h  combined 
lift/cruise f a n  and forwa,.d fan operation; nominal rpm/fi = 3600, a u = O D ,  
q = 0 ~ / r n ~  ( p s f ) .  



Figure 6.- Variation of r e s u l t a n t  s t a t i c  thrust  and static turning angle  with 
forward fan Bv; = O O .  



F i g u r e  7 . -  Lif t / c ru i se  fan deflector s t a t i c  t u r n i n g  efficiency; u = 0" .  



(a) F ~ m a r d  l i f t  fan. 

Figure 8.-  The variation of jet ve loc i ty  ratio with wind-tunnel dynamic pres- 
sure for the powered-lif t model conf Sguration; nominal fan r p m / &  = 3600. 



( b )  L/H ~ift/cruise fan. 

Figure 8 . -  Continued. 



( c )  R / H  lif t/cruise fan .  

Figure 8.- Concluded. 



(a) L/H lift/cruise fan. 

Figure 9.- Variation of jet velocfty r a t i o  w i t h  corrected f a n  rpm and model 
angle of attack, cruise conf igura t ion ;  nominal q = 1699.7 ~ / r n ~  ( 3 5 . 5  p s f )  , 
B = o O ,  6ail = 0". 6f = 0'. 



(b) R/H lift/cruise fan. 

Figure 9.- Concluded. 
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(b)  den % 71'. B, = 5 5 " ,  q = 337.1 ~ / r n ~  (7.04 p s f ) .  

Figure 10.- Continued. 



( c )  &,, = 5 6 * ,  Bv a 43', q = 580.3 ~/m"12.12 p s f ) .  

Figure 10.- Continued. 
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( d l  6 = 38O, 8, cn 
= 4 3 " ,  q = 919.3 ~ / m *  (19.20 p s f )  

Figure 10.- Concluded. 



( a )  6cn = 90' 

Figure 11.- Variation W E  fan resultant thrust to  s t a t i c  resultant thrust ratio 
with angle of attack. 





Figure 11.- Continued. 
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(E) Forward fan 

F i g u r e  11.- Concluded. 



(a) 6cn = 90' 

Figure 12.- Variation of ram drag with angle of attack with forward fan and 
lift/cruise fan operation. 



(U> 6 = 71' 
cn 

Figure 12.- Continued.  



( c )  6cn = 56' 

Figure 12,- Continued. 



(d)  den = 38' 

Figure 12.- Continued. 



( e )  bcn = 0" 

Figure 12.- Continued. 



( f )  Forward fan. 8, - 90' 
Figure 12.- Cont inued .  



(g) Forward f a n ,  BV = 55' 

Figure 12.- Continued, 



(h) Forward fan,  B, = 43' 

Figure 12.- Concluded. 



(a)  Variation of CL with VO/V with three fans operating. 
j ' 

Figure 13.- The effect of jet velocity ratio on longitudinal  aerodynamic char- 
a c t e r i s t i c s ;  a = O b ,  horizontal tail on, 6f = 15O, 6a11 = lo0, f3 = 0'. 

U 



(b) Variation of CD and Cm w l t h  VO/VJ, with three f a n s  operating. 

Figure 13.- Continued. 



(c) Variation of CL w i t h  VJV,; liftjcruise fans operation only with for- 
ward fan inlet covered, flV = 0 ' .  

Figure 13.- Continued, 



( d )  Variation of CD and C, with V o / V j ;  lift/cruise fans operation only wi th  
fowni-d f a n  inlet covered, By = 0'. 

Figure  13.- Concluded. 



( a )  6 cn = 90°, B v = 90" 

Figure 14.- Longitudinal characteristics of the model with three fans operating and with the horizontal 
tail i n s t a l l e d ;  6 = IS", d 

f 
= loo,  i = O w ,  B = U", 6 = 0 ' .  

ail t R 



(bl  6 = 90° ,  Bv = 90" 
. cn 

Figure 14,- Continued. 



(c) 6cn = ?lo, Bv = 55" 

Figure 14.- Continued. 



(d) 6cn + 71°, Bv = 55O 

Figure 14.- Continued. 
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(e) 6cn = 56O, 8, = 43O 

Figure 14.- Continued. 



(f) = 3 8 O ,  By = 4 3 O  

Figure 14.- Concluded. 



(a) 6cn = 9 O U ,  Bv = 90. 

Figure 15.- Longitudinal characteristics of the model w i t h  three fans operating; horizontal t a i l  off. 
6 f = 15O, &ail = lo', 6 R =  Om, B = 0'.  



(b) bcn = 90°, BV = 90° 

Figure 15.- Contfnued. 



( c )  6cn = 56.. By = 43' 

Figure 15.- Concluded. 



(a) Longitudinal characteristics 

Figure 16.- Aerodynamic characteristics of the model with three fans operating and the rudder deflected; 



(b) Lateral characterzstics 

Figure 16.- Concluded. 



(a) Longitudinal characteristics 

Figure 17.- The effecc of differential aileron deflection on the model aerodynamic characteristics with 
three fans operating; 

'ail = -25'/25O, 6cn = 3 8 O ,  By = 4 3 " .  6 f  = 15O, it = O D ,  13 = O", 6R = O O .  



(b) Lateral characteristics 

Figure 17.- Concluded. 



Figure 1 8 . -  Variation o f  s ide-force,  yawing-moment, and rolling-moment coeff i -  
c i e n t s  wi th  s i d e s l i p  and with three fans operat ing;  b f  = IT0, bail  = lo0, 
it = 0°, 6~ = 0". 



(b)  den = ?I0, 6, = 5 5 * ,  a = 0' 
U 

Figure 18.- Continued. 



( c )  6=,, s 56', 8, = 4 3 O .  aU = O0 

Figure 18.- Continued. 



(dl 6cn = 38', 6, - 4 3 O ,  = O0 

Figure 18.- Concluded. 



Figure 19.-  Varlscion of side-force, yawing-moment, and rolling-moment coeff i -  
c i e n t s  wi th  sideslip, and w i t h  three fans operating; horizontal and vertical 
tails off, 6cn = 56 ' .  By = 4 3 O ,  6f = 1501 Gail = lo0, uU = O D .  
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(a) uU = 0'' 

Figure 20.- The effect of tail incidence on the longftudinal aerodynamic char- 
acteristics with three fans operating; 6 = 90°, *v 

= 90°, 6f = 1 5 O ,  
= lo0, B = 0 ° ,  Sg = 0.. cn 

%ll 



(b) = 0' 

Figure 20.- Continued. 



( c )  mu = 8' 

Figure 20.- Continued. 



( d )  Uu = so 

Figure 20.-  Continued. 



( e )  eU = 16' 

Figure 20.- Continued, 



( f )  aU = 16' 

Figure 20,- Concluded. 



( a )  aU = 0" 

Figure 21.- The effect of tail incidence on the longitudinal aerodynamic char- 
acteristics with three fans operating; bcn = 71°, 

8x7 
= 5 5 O ,  6f = 15'. 

%il = l o 0 ,  8 = O D ,  6g = Do.  



Ib) a" = o0 

Figure 21.- Concluded. 



(a) =, = 0' 

Figrre 22.- The effect of tail incidence on the longitudinal  aerodynamic char- 
acteristics with three fans operating; 6 = 56', 

B.v = 4 3 ' ,  Sf = 15', 
&,,, = lo0, ,3 = 0 ° ,  = O0 cn 

B~ 



Figure 22 .  - Continued . 
' ,  



( c )  uu - 16' 
Figure 22.- Concluded, 



Figure 23. -  The effect of t a i l  incidence on the longitudinal aerodynamic char- 
acteristics with three Enns operating; 6 - 38",  

8v 
= , + 3 O ,  a = oo, 

cn = 15", u 
'f = 10'. B = 0'. 6 R =  o O .  



(a) Longitudinal characteristics 
* 

Figure 24.- The effect of total differential aileron deflection on the model 
aerodynamic characteristics with  three fans operating; 6cn = 38'. 8, = 4 3 O ,  
d p  = 15', it = O', 8 = UO, d R =  0'. = 0'. 

U 



(b) Lateral characteristics 

F i g u r e  2 4 . -  Concluded. 



(a) 6 cn = variable 

Figure 25.- Longitudinal characteristics of the model w i t h  the l i f t /cruise  fan exit nozzles de f l ec t ed  
to discrete positions, forward f a n  i n l e t  covered and ex i t  lauvers at = 0". 6f  = lrO, bail = l o 0 ,  
B = 0" 



(b) 6cn = 90° 

Figure 25.-  Concluded. 



(a) Cruise fan r p m / 6 =  2717 

Figure 26.- Longit~dinal characteristics of the model in the cruise configurat ion;  forward fan i n l ~ t  
and exit cove~ed,  6 = D o ,  6 = 0 ° ,  

cn i 6 a i l  
= O 0 ,  B = a", 6 = O o ,  q = 1638.5 It/rn2 ( 34 .22  p s E ) .  

R 



(b) Cruise fan r p m / 6  = 2158 

Figure 26.- Continued. 



TEST U 9 U  RUN FU 

( c )  Cruise fan r p m / 6  = 1599 

Figure 26.- Concluded. 



TEST 1130. RUM 97 3 3  1L 

Figure 27.- Longitudinal characteristics of the model in the cruise confi~uration with the horizontal - 
tail off; forward fan inlet and exit covered, 6 = O D ,  6 = 0 ° ,  6ai1 = O', B = O D .  6 R =  0° ,  
q = 1638.0 ~/m' (34.21 psf), cn f 



(a) Longitudinal characteristics 

Figure 28.-  Aerodynamic character is t ics  of the model w i t h  s i d e s l i p  of 8";  forward fan in le t  and exit 
covered, 6 = O D ,  6 = 0°, Sail = O o ,  i = O' ,  6 R =  0 ° ,  q = 1638.9 ~ / r n ~  ( e r . 2 3 p s f ) .  

c il f t 



(b) Lateral characteristics 

Figure 28. - Concluded. 



TF5T UgD HUN 7 U . I '  

Figure 29.- Longitudinal characteristics of the model w i t h  the flaps and ailerons deflected; bf = 1 5 O ,  
hail = lgO, forward fan i n l e t  covered and with the exit  louvers at f = OD,  6cn = 0 ° ,  B = O 0 ,  
i = O D ,  6R = 0 ° ,  q = 1639.5 I4/rn2 (34.24 p s f ) .  

v 
t 



(a) C r u i s e  fan r p m / 6  = 2712 

Figure 30.- Variation of side-force,  yawing-moment, and rolling-moment coef f i -  
cients with s i d e s l i p ;  f o n ~ a r d  fan  i.nl.et and exit covered, 6 = 0°, 6 f  = O e ,  
6 cn = 0 ° ,  it = O", 6, = 0°, q = 1640.4 ~ / r n ~  ( 3 4 . 2 6  p s f ) .  

ORIGINS P A G ~ ~  
OF POOR &UALflY 8 9 



(b)  Cruise fan r p m / 6  = 1615 

Figure 30. - Concluded. 


