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Doserib. tho pmsont and original (I1 known) physical appearance 

The F u l l  S c a l e  Tunnel i s  i n  b u i l d i n g  643 i n  t h e  Eas t  Area of  Langley Research 
Center . 
The g e n e r a l  arrangement of  t h e  F u l l  S c a l e  Tunnel is  shown i n  Appendix 1 a t  
t h e  r e a r  of  t h i s  r e p o r t .  The t u n n e l  is a  double  r e t u r n  f low type  w i t h  an  
open t h r o a t  having a h o r i z o n t a l  dimension of 60 f e e t  and a  v e r t i c a l  dimension 
of 30 f e e t .  On e i t h e r  s i d e  of  t h e  t e s t  chamber i s  a  r e t u r n  passage 50 f e e t  
wide. w i t h  a  h e i g h t  v a r y i n g  from 46 t o  72 f e e t .  The e n t i r e  equipment i s  
housed i n  t h e  s t r u c t u r e ,  t h e  o u t s i d e  w a l l s  of which s e r v e  a s  t h e  o u t e r  w a l l s  
of  t h e  r e t u r n  passages .  The o v e r - a l l  l e n g t h  of t h e  t u n n e l  i s  434 f e e t  by 222 
f e e t  and t h e  maximum h e i g h t  i s  97 f e e t .  The framework i s  on s t r u c t u r a l  s t e e l  
and t h e  walls and roof  a r e  of 5/16-inch c o r r u g a t e d  cement a s b e s t o s  s h e e t s .  
The e n t r a n c e  and e x i t  cones  a r e  c o n s t r u c t e d  of 2-inch wood p lank ing ,  a t t a c h e d  
t o  a s t e e l  frame and covered on t h e  i n s i d e  w i t h  ga lvan ized  s h e e t  metal a s  
p r o t e c t i o n  a g a i n s t  f i r e . 1  

The t e s t  s e c t i o n  i n  t h e  open t h r o a t  i s  30 f e e t  h i g h  and 60 f e e t  wide and can 
accommodate a i r p l a n e s  o r  models having spans  t o  about  40 f e e t .  The t u n n e l  i s  
powered by two four -b lade ,  35.5 f o o t  d iameter  f a n s ,  each d r i v e n  by a  4000- 
horsepower e l e c t r i c  motor. Air f low from t h e  d u a l  p r o p e l l e r s  i s  s p l i t  r i g h t  
and l e f t  i n t o  two s t reams ;  doubl ing back between t h e  t e s t  s e c t i o n  and t h e  
b u i l d i n g ' s  w a l l ,  t h e  s t r eams  a r e  r e u n i t e d  p r i o r  t o  e n t e r i n g  t h e  t h r o a t  of t h e  
t e s t  s e c t i o n .  

The maximum a i r - speed  of t h e  t u n n e l  is  abou t  100 mph. When t h i s  t u n n e l  was 
f i r s t  p laced  i n  o p e r a t i o n  i n  1931,  its maximum a i r - speed  was e q u a l  t o  t h e  t o p  
speed of many a i r p l a n e s  then f l y i n g .  S ince  t h e n ,  n o t  on ly  has  t h e  maximum 
speed of a i r p l a n e s  f a r  su rpassed  t h a t  of t h e  t u n n e l ,  b u t  t r a n s o n i c  and super-  
s o n i c  a i r p l a n e s  o p e r a t e  i n  r ea lms  i n t o  which low-speed d a t a  cannot  b e  ex t rap-  
o l a t e d .  The des ign  of t h e s e  a i r p l a n e s ,  however, has  r e q u i r e d  wing shapes  and 
a i r f o i l  s e c t i o n s  t h a t  sometimes r e s u l t  i n  poor low speed c h a r a c t e r i s t i c s .  
The F u l l  S c a l e  Tunnel i s  w e l l  s u i t e d  t o  i n v e s t i g a t e  means of a l l e v i a t i n g  
t h e s e  low speed problems because  f u l l  o r  l a r g e  s c a l e  hardware can be  used ,  
and t h e  model o r  a i r p l a n e  is r e a d i l y  a c c e s s i b l e . 2  

I n  a d d i t i o n  t o  t h e  t e s t i n g  c a p a b i l i t i e s  of e x t e n s i v e  f low measurement and 
v i s u a l i z a t i o n  f o r  l a r g e  scale-models,  t h e  t u n n e l  i s  equipped w i t h  s h i e l d e d  
s t r u t s  f o r  six-component s c a l e  ba lance  t e s t i n g ,  and can a l s o  be  used f o r  
f r e e - f l i g h t  t e s t i n g  of  s u b s c a l e  models. These t e s t s  a r e  p a r t i c u l a r l y  s u i t e d  
t o  t h e  s t u d y  of h igh-angle-of-a t tack f l i g h t  dynamics f o r  advanced f i g h t e r  
c o n f i g u r a t i o n s  .3 

The F u l l  S c a l e  Tunnel was upgraded i n  1973 and is scheduled t o  b e  upgraded i n  
1984. Work i n  b o t h  c a s e s  p r i m a r i l y  involved work done on t h e  e l e c t r i c  motors 
t h a t  power t h e  f a n s .  A t  t h e  c u r r e n t  t i m e ,  p r i n c i p a l  r e s e a r c h  f o r  t h i s  f a c i l i t y  
is  d i r e c t e d  a t  t h e  s t u d y  of t h e  low-speed aerodynamics,  s t a t i c  and dynamic 
s t a b i l i t y  and c o n t r o l ,  and a s s o c i a t e d  f low c h a r a c t e r i s t i c s  of m i l i t a r y ,  
g e n e r a l  a v i a t i o n ,  and c o m u t e r  a i r ~ r a f t . ~  
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By 1929 the  o r i g i n a l  NACA Langley wind tunnel complex was completed and turning 
out useful  high q u a l i t y  aerodynamic research  data .  In  s p i t e  of t h i s  achievement 
NACA engineers r e a l i z e d  t h a t  t he re  was a gap i n  t h e i r  wind tunnel  inventory. 
They needed a f u l l  s c a l e  wind tunnel.  

Although t h e  Variable Density Tunnel gave NACA engineers confidence i n  sca l ing  
up t e s t  r e s u l t s  from models, s eve ra l  research  a reas  could be explored only with 
fu l l - sca l e  models or with a c t u a l  a i r c r a f t .  The VDT was l imi t ed  when the  aero- 
dynamic c h a r a c t e r i s t i c s  of a complete a i rp l ane  were des i red  because i t  was 
p r a c t i c a l l y  impossible t o  bu i ld  a model of the  requi red  s i z e  t h a t  i s  a t r u e  
reproduction of a complete a i rp l ane .  This d i f f i c u l t y  i s  increased by the 
requirement t h a t  the model withstand l a r g e  forces.  Some of the  quest ions t h a t  
needed t o  be answered involved solving drag pena l t i e s  due t o  ex te rna l  s t r u t s ,  
sur face  gaps,  air l e a k s ,  and engine cooling in su la t ion .  These quest ions could 
only be answered by using f u l l  s c a l e  a i r c r a f t .  Models simply would not work. 
Previous experience with the  Propel ler  Research Tunnel, which had a l a rge  s c a l e  
t e s t  s ec t ion ,  gave NACA engineers the  confidence to  attempt t o  bu i ld  the  Full  
Scale Tunnel. 

Under the leadersh ip  of Smith J. De France, the  design of the  Fu l l  Scale Wind 
Tunnel began a t  Langley i n  1929. With funds appropriated before the  s t a r t  of 
the Depression, NACA was ab le  t o  buy mater ia l s  and labor a t  bargain pr ices .  In 
addi t ion  a l a r g e  pool of t a l en ted  but  now unemployed aeronaut ica l  engineers was 
ava i l ab le  to  work on the  pro jec t .  The work progressed quickly and by 1931 the 
tunnel was complete. 

The s ign i f i cance  of the  Ful l  Scale Tunnel was immediately apparent to  NACA 
engineers.  Drag t e s t s  i n  the  tunnel  indicated su rp r i s ing ly  l a r g e  performance 
p e n a l i t i e s  from ex te rna l  s t r u t s  and other  exposed a i r c r a f t  pa r t s .  This informa- 
t i on  had been suspected by NACA engineers for  some time but  with the  completion 
of the Ful l  Scale Tunnel the  engineers now had the  data  needed t o  co r rec t  the  
problem. Soon a l a r g e  procession of m i l i t a r y  a i r c r a f t  was dispatched t o  Langley 
for  drag cleanup t e s t s .  Before and during World War I1 p r a c t i c a l l y  every high 
performance a i r c r a f t  used by the  United S ta t e s  was checked out a t  the Ful l  
Scale Tunnel. The tunnel  operated 24 hours a day 7 days a week during the  war 
performing drag cleanup t e s t s  fo r  the mi l i t a ry .  For most of the war the  Ful l  
Scale Tunnel was the  only tunnel i n  t h e  country and i n  the  world capable of 
performing these t e s t s .  The importance of the  tunnel  was so evident t h a t  the  
United S ta t e s  b u i l t  an even la rger  Fu l l  Scale Tunnel a t  t h e  Ames Research 
Center i n  1944.5 
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The Ful l  Scale Tunnel has proved t o  be a  remarkably adaptive research  too l .  
In  recent  years modern a i r c r a f t  of a l l  types have been t e s t ed  i n  the  tunnel.  
These a i r c r a f t  include t h e  Harr ier  VTOL f i g h t e r ,  the  F-16, t h e  American super- 
sonic t r anspor t ,  the  X-29A-a forward swept wing experimental f i g h t e r ,  the  Space 
Shu t t l e ,  t h e  Lunar Landing Test Vehicle,  and many o thers .  

Because of i t s  unique performance the Ful l  Scale Tunnel i s  of s ingular  importance 
not only i n  the  a rea  of aeronaut ica l  research  but  a l s o  i n  the  theme of support 
f a c i l i t i e s  t h a t  contr ibuted the  American v i c to ry  i n  World War 11. The supe r io r i ty  
of American designed and b u i l t  f i g h t e r s  and bombers was due i n  no small pa r t  to  
the  t e s t i n g  t h a t  these  a i r c r a f t  received i n  the Ful l  Scale Tunnel. 
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Footnotes 

1. National Advisory Committee for Aeronautics, The N.A.C.A. Full-Scale 
Wind Tunnel-Technical Report 45 (Washington, D.C.: National Advisory 
Committee for Aeronautics, 1933), pp. 292-93. 

2. National Aeronautics and Space Administration. Iangley Test Highlights 
1982-Technical Memorandum 84655 (Hampeon, Va.: Langley Research Center, 
1983), p .  3. 

Donald 0. Baals and William R. Corliss, Wind Tunnels of NASA (Washington, 
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3. Ibid. - 
4. Iangley Facilities Program Development Office, LaRC Data for Facilities Catalogue 
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Zone Eaatlng Northing 

The boundary o f  t h e  F u l l  Sca le  Tunnel is def ined  by t he  o u t s i d e  per imete r  of 
B u i l l i n g  643 i n  t h e  Eas t  Area of t h e  Langley Research Center .  
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Appendix 1 

Plnn and elevation sketch of the Langley full-scale tunnel. 

Source Characteristics of Nine Research Wind Tunnels of the Langley Aeronautical 
Laboratory (Washington, D. C.: National Advisory Committee for Aeronautics 
1957),  p. 99. 






