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The Eight-Foot High Speed Tunnel i s  a  s ingle-return atmospheric pressure tunnel 
with an 8-foot diameter closed-throat t e s t  sec t ion .  The tunnel became opera- 
t i o n a l  i n  1936 and a t  t h a t  time had a  maximum speed of Mach 0.75 driven by an 
8,000-horsepower e l e c t r i c  motorlfan. 

The design of the  Eight Foot High Speed Tunnel was complicated by two problems.1 

The f i r s t  problem involved the e f f e c t  discovered i n  1738 by the  Swiss 
mathematican Daniel Bernoull i  who observed t h a t  a s  the  ve loc i ty  of flow i n  a  
duct is  increased by cons t r i c t ing  the c ross  sec t iona l  a r e a ,  the s t a t i c  pressure 
of the  f l u i d  drops. In  wind tunnel  design,  t h i s  means t h a t  the  a i r  pressure i n  
the  chamber containing the  high-velocity t e s t  sec t ion  w i l l  be lower than i n  the  
r e s t  of t h e  tunnel.  Thus, fo r  t h e  tunnel ,  the  t e s t  chamber had t o  withstand a 
powerful, inwardly d i r ec t ed  pressure.2 

One method t o  solve t h i s  problem would have been t o  cons t ruc t  a  welded s t e e l  
pressure vesse l  around the  t e s t  s ec t ion .  In an e f f o r t  t o  so lve  the  pressing 
unemployment problem then ex i s t ing  a s  a  r e s u l t  of the Depression, NACA engineers 
decided t o  use l o c a l l y  ava i l ab le  unski l led labor and bu i ld  the  e n t i r e  tunnel of 
reinforced concrete .  An igloo-l ike s t r u c t u r e  around the  t e s t  sec t ions  was 
b u i l t  with walls  1 foot  th ick .  The ig loo  was e s s e n t i a l l y  a  low pressure 
chamber--just the  opposi te  of the VDT. Operating personnel i n  the ig loo  were 
subjected t o  pressures t h a t  were the  equivalent  of 10,000 f e e t  a l t i t u d e  and had 
to  wear oxygen masks and enter  through a i r locks .3  

The second new problem t h a t  was created had to  do with the mechanical energy 
t h a t  the 8,000-horsepower f an  added t o  the a i r s t ream.  NACA engineers ca lcula ted  
t h a t  t h i s  add i t iona l  heat  would cause the temperature within the  tunnel t o  r i s e  
ten degrees per second u n t i l  i t  reached the  s t age  a t  which the  amount of heat 
seeping through the  concrete  walls would equal the  input  of heat from the  fan.  
Before t h i s  would happen the  temperature within the tunnel would reach severa l  
thousand degrees. 

The t a sk  of providing a cooling system was given t o  Russell  G. Robinson who 
devised a  v e n t i l a t i n g  tower that per iodica l ly  allowed a small amount of heated 
a i r  t o  escape i n  exchange fo r  f r e s h  cool a i r .  This system proved t o  be sucessfu l  
and was accomplished with a  l o s s  of only one percent of power. This same 
p r inc ip l e  was l a t e r  appl ied  t o  many other  high speed tunnel^.^ 

The Eight-Foot High Speed Tunnel was repowered i n  1945 t o  16,000-horsepower. 
By 1950 a s l o t t e d  th roa t  design was added t o  the t e s t  s ec t ion  t h a t  enabled the 
tunnel t o  he operated a s  a t ransonic  tunnel.  In 1953 the  tunnel was repowered 
t o  25,000-horsepower t o  y i e ld  a speed of Mach 1.2. A sch l i e ren  apparatus was 
a l s o  added t o  the  t e s t  s ec t ion  of t h e  tunnel t o  increase  the  capab i l i t y  for  
v i s u a l  flow s tud ie s .  
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he Eight-Foot High Speed Tunnel was deact ivated i n  1956 and i s  now 
abandonded i n  p lace .  The o r i g i n a l  t e s t  s e c t i o n  o f  the  tunnel i s  used 
for  s torage .  
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The Eight-Foot High Speed Tunnel i s  a landmark i n  wind tunnel design. A t  the  
time of the  cons t ruc t ion  of the  High Speed Tunnel, NACA had only two small high 
speed tunnels  ( t h e  11" and 24" tunnels)  t o  t e s t  a i r c r a f t  design i n  speeds 
ranging from Mach 0.5 t o  Mach 0.9. While usefu l ,  these  small tunnels  had two 
severe l imi t a t ions .  F i r s t .  the small s i z e  of these  tunnels  meant than only 
small s c a l e  models could be t e s t ed .  This meant that t e s t  r e s u l t s  were suspect 
i f  high Reynolds numbers could not be obtained. Second, both tunnels  were 
powered by the  r ap id  blowdown of the  VDT and were thus r e s t r i c t e d  t o  t e s t s  
l a s t i n g  l e s s  than a  minute. 

The Eight-Foot High Speed Tunnel solved both of these problems. It was l a rge  
enough t o  accommodate s i zeab le  t e s t  models and even complete a i r c r a f t  pa r t s  on 
occasion. I t  was a l s o  a  continuous flow tunnel t h a t  could operate  almost indef- 
i n i t e l y  therby giving t h e  engineers s u f f i c i e n t  time t o  run  t h e i r  t e s t s  and to  
check t h e i r  t e s t  r e s u l t s .  For t h e  f i r s t  time NACA engineers had a research  too l  
t h a t  could supply high speed t e s t  r e s u l t s  on a  l a rge  sca le .  

Over t h e  years NACA engineers continued t o  modify and upgrade the  Eight-Foot 
High Speed Tunnel. After the  Second World War NACA engineers began t o  work on 
improving wind tunnel  performance i n  the  t ransonic range (Mach 0.7 t o  Mach 
4 It had long been known t h a t  a i r f low within the  t e s t  s ec t ion  of a  t ransonic 
wind tunnel d id  not  represent  the  a c t u a l  condit ions of f r e e  f l i g h t .  The problem 
was t h a t  the  na tu ra l  pa t t e rn  of a i r f low i n  t h i s  range i s  d is turbed  and a l t e r e d  
by the  ex is tence  of the  walls  of the tunnel.  This problem became severe i n  the 
a rea  of Mach 1 and was known a s  the  tunnel choking e f f e c t .  Unti l  t h i s  problem 
was solved accura te  test r e s u l t s  were not possible  fo r  t ransonic  tunnels .  

Attempts t o  solve t h i s  problem by making smaller models proved unsuccessful 
when lower Reynolds numbers were obtained. Attempts t o  el iminated the v a l l s  of 
the  tunnel i n  the  a rea  of the  test sec t ion  a l s o  proved l e s s  than s a t i s f a c t o r y .  
In  1946 Ray W i g h t  a t  Langley analyzed the  p o t e n t i a l i t i e s  of a p a r t i a l l y  open 
or s l o t t e d  wind tunnel wall .  H i s  r e s u l t s  suggested t h a t  s l o t s  occupying about 
6 percent of the  wall would c lose ly  dupl ica te  free-air  conditions.5 

This so lu t ion  was quickly applied t o  the Eight-Foot High Speed Tunnel. In  
February 1950 the  tunnel was shut  down and s l o t t e d  walls  were added t o  the t e s t  
sect ion.  The concept worked and NACA now had the  f i r s t  wind tunnel i n  the world 
t h a t  would g ive  accura te  t e s t  r e s u l t s  i n  t h e  t ransonic  range. Since a l l  super- 
sonic a i r c r a f t  would have t o  f l y  b r i e f l y  i n  the  t ransonic  range,  knowing w h a t  
happened t o  a i r c r a f t  i n  t h i s  t r a n s i t i o n  zone was c r i t i c a l  t o  t h e  supersonic 
f i g h t e r s  and bombers being planned i n  the  postwar e ra .  The s l o t t e d  wall  concept 
was immediately put t o  work t e s t i n g  the  next generat ion of American a i r c r a f t .  
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After February 1950 the  name of the  Eight-Foot High Speed Tunnel was changed t o  
the Eight-Foot Transonic Tunnel. Before the tunnel was phased out of operat ion 
i n  1956 c r i t i c a l  t e s t s  l ed  t o  the  discovery of the  famous Area Rule which dic- 
t a t ed  t h a t  the  fuselage of supersonic a i r c r a f t  should be cons t r ic ted  where the  
wings a r e  a t tached  and then expanded a t  t h e i r  t r a i l i n g  edges. This el iminated 
the p o s s i b i l i t y  of generat ing s trong shock waves behind an a i r c r a f t  t h a t  can 
a c t  a s  a drag on speed. 

Many modern wind tunnels  a r e  derived from the  technology extended or developed 
a t  Langley by NACA engineers.  The Variable Density Tunnel was the world's 
f i r s t  pressurized wind tunnel .  The Fu l l  Scale Wind Tunnel was exac t ly  t h a t ,  
f u l l  s c a l e  and thus a b l e  t o  conduct important drag cleanup t e s t s  fo r  modern 
a i r c r a f t .  The Eight-Foot High Speed Tunnel was t h e  f i r s t  continuous flow high 
speed tunnel a b l e  t o  t e s t  l a rge  models and a c t u a l  working p a r t s  of a i rp l anes .  
The addi t ion  of the  s l o t t e d  th roa t  design was revolut ionary for  i t s  time and 
gave accura te  wind tunnel da ta  i n  the  t ransonic  range. Many modern wind tunnels 
incorporate  some va r i a t ion  of these f ea tu res  of pressure,  l a r g e  s c a l e ,  high 
speed, continuous flow, and s l o t t e d  th roa t  design. These th ree  tunnels  marked 
the  emerging technological  supe r io r i ty  of t h e  American a i r c r a f t  indus t ry .  
After the  Second World War t h i s  technology was t o  provide t h e  base upon which 
Americans would begin t o  cons t ruc t  rockets  t h a t  would eventual ly f l y  t o  the  
moon and beyond. 
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Footnotes  

1. Much of  t h e  m a t e r i a l  i n  S e c t i o n  7 and 8 of t h i s  r e p o r t  has  been adap ted  from 
Donald D. Baals  and Will iam R. C o r l i s s ,  Wind Tunnels of NASA (Washington, 
D.C.: Na t iona l  Aeronau t i c s  and Space Admin i s t ra t ion ,  1981) ,  pp. 25-8. 

2. 	 I b i d . ,  25. 

3. 	 I b i d . ,  26.-
4. 	 George W. h a y ,  F r o n t i e r s  of F l i g h t :  The S t o r y  of  NACA Research ( N e w  York: 

A l f r e d  A. Knopf, 1948).  pp. 42-43. 

5. 	B a a l s ,  pp. 62-63. 
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Source 	Characteristics of Nine Research Wind Tunnels of the Langley Aeronautical 

Laboratory (Washington, D.C.: National Advisory Committee for Aeronautics, 

1957). p. 21. 
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