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! FACILITIES AND SEEDING MATERIAL 

Polys tyrene l a t e x  p a r t i c l e s  have been s u c c e s s f u l l  y used as l a s e r  veloci -  
me t ry  seed material for flows i n  t h e  Ames High Reynolds Channels (HR) I and 
11, t h e  p i l o t  channel,  and t h e  one-foot low speed tunne l  (ref. 1-41. These 
f a c i l i t i e s  provide  test Cows  wi th  Uadh numbers from 0.1 t o  3.0 and test 
s e c t i o n  sizes from t o  18"x24". Tunnel mass flow i n  t h e  H R - I 1  channel 
c a n  approach 1000 l b l s e c .  The l a t e x  p a r t i c l e s  bave t h e  fo l lowing favorab le  
c h a r a c t e r i s t i c s :  

s i z e :  0.35 to 0.55 urn dia. 
shape: s p h e r i c a l  
s p e c i f i c g t a v i t y :  1.05 
flow t r a c k a b i l i t y :  e x c e l l e n t  (ref. 5) 
t o x i c i t y :  .low 
c o s t  : low 

They have t h e  d isadvantage of being packaged a s  an aqueous suspension which 
W -  t be d i l u t e d  .and i n t r o d u c d  i n t o  t h e  test flow a s  an atomized mist. This 

5 occur s u f f i c i e n t l y  f a r  upstream o f  t h e  test s e c t i o n  to  minimize flow 
"urbances and permit ehe l i q u i d  mist to  evaporate  be fo re  reaching t h e  

model. Severa l  technf ,ues which have been developed to  accomplish s a t i s -  
f a c t o r y  seeding w i l l  ' e descr ibed.  



SEEDING LOW-SPEED TUNNELS 

Both t h e  p i l o t  channel  and t h e  one-foot  low speed t u n n e l  are open c i r c u i t  
d e s i g n s  us ing  a tmospher ic  i n l e t s .  These  subson ic  t u n n e l s  are seeded w i t h  a n  
a r r a y  o f  c ~ c a u e r c i a l  a i r  b rushes  mounted upstream of t h e  i n l e t .  To p reven t  
m i g r a t i o n  o f  t h e  seed  m a t e r i a l  i n t o  t h e  room, sc reened  c a g e s  were mounted a t  
t h e  t u n n e l  i n l e t s  and covered  w i t h  s e v e r a l  t h i c k n e s s  of filter paper.  The a i r  
brush  a r r a y  was mounted i n  a n  opening a t  t h e  f r o n t  of t h e  cage and sprayed t h e  
l i qu id - seed  a t r o s o l  i n t o  t h e  e n c l o s u r e  al; t h e  f r o n t  of t h e  t u n n e l  i n l e t .  
T e s t s  were made t o  i n s u r e  ' t h a t  e v a p o r a t i o n  of t h t  l i q u i d  ( a l c o h o l )  o c c u r r e d  
b e f o r e  r e a c h i n s  t h e  i n l e t .  

C a r e  mus t  be t aken  t o  p rov ide  a uniform d i s t r i b u t i o n  of seed  i n t o  a l l  of 
t h e  f l o w  in f luenced  by t h e  tes t  model to minimize s p a t i a l  s eed ing  b i a s .  T h i s  
is  e a s i l y  done f o r  t u n n e l  w a l l  measurements because  of t h e  mixing i n  t h e  
t u r b u l e n t  t u n n e l  boundary l a y e r .  Seeding  i n  t h e  core flow, however, is more 
d i f f i c u l t  and r e q u i r e s  experimentat?.on i n  t h e  p o s i t i o n i n g  o f  t h e  a i r  brushes.  
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HIGH REYNOLDS NUHBER CHANNELS I & 11 

The High Reynolds Number Channels, I and 11, a r e  l a r g e  t ransonic  blowdown 
f r o i l l t i e s  with tm-dlmensionrl test s m t i o n s  adapted for a i r f o i l  t e s t i ng .  
Add i t i ona l ly ,  HRC I oan be used with f ixed  blook supersonic nozzles f o r  t e s t  
ing a t  H=2 and 3. The t e a t  seo t ion  -1deualls o f  HRC I1 a r e  f i t t e d  with porous 
me ta l  suot ion panels whioh a r e  usea to t h i n  t h e  s idewall  boundary layer  and 
reduae a i r f o i l  in te r fe renoe  effects. These porous panels,  however, complicate 
LDV seeding beoause of  t h e  vu lne rab i l i t y  to plugging with keed pa r t i c l e s .  The 
h igh  pressure i n l e t  piping and stagt.at1on chamber arrangement of HRC I3 is 
shown below (ref. 6). HRC I is s imi la r ,  but smaller i n  s ize .  The high pres- 
s u r e  a i r  is first admitted to t h e  tunnel through t h e  perforated i n l e t  pipe. 
Turbulence reduotion ocours with flow through t h e  t h r e e  402 open perforated 
p l a t e s  and t h e  4 soreens i n  t h e  s e t t l i n g  tank. 
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SEEDING THE HIGH REYNOLDS NUWBER CHANNELS 

S e v e r a l  s eed ing  ar rangements  have been used i n  t h e s e  l a r g e  blow-down 
fac i l i t i e s .  The o b j e c t i v e  is t o  i n t r o d u c e  a f i n e l y  atomized a e r o s o l  o f  t h e  
p o l y s t y r e n e  p a r t i c l e s  and t h e  l i q u i d  d i l u e n t  i n t o  t h e  flow. T h i s  must be done 
a t  a l o c a t i o n  s u f f i c i e n t l y  f a r  upstream to  pe rmi t  t h e  l i q u i d  t o  e v a p o r a t e ,  and 
t o  a l l o w  i n j e c t i o n  d i s t u r b a n c e s  t o  be danped. E x i s t i n g  t u n n e l  access p o r t  
l o c a t i o n  and s i z e  were f u r t h e r  l imi ta t ions .  Two l o c a t i o n s  have been t e s t e d :  
i n  t h e  h i g h  p r e s s u r e  feed  p i p e  upstream of t h e  t u n n e l ,  and i n  t h e  e n t r a n c e  
chamber j u a t  downstream of t h e  p e r f o r a t e d  p i p e  i n l e t .  

E x c e l l e n t  mixing and d i s t r i b u t i o n  were o b t a i n e d  w i t h  t h e  f i rs t  l o c a t i o n .  
S e e d  d e p o s i t s  on t h e  test  s e c t i o n  w a l l s  and windows, however, i n d i c a t e d  t h a t  
t h i s  l o c a t i o n  could  c a u s e  t h e  porous  boundary l a y e r  removal p a n e l s  t o  become 
plugged w i t h  seed  m a t e r i a l .  D e s p i t e  t h e  t u r b u l e n c e  a t  t h e  t u n n e l  i n l e t  caused 
by  t h e  p e r f o r a t e d  i n l e t  p ipe ,  tests i n d i c a t e d  t h a t  i n j e c t i o n  h e r e  cou ld  be  
done wi thou t  f i l l i n g  t h e  t u n n e l  s i d e w a l l  boundary l a y e r .  
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COMMERCIAL SEEDING INJECTORS 

Several commercial atomizing nozzles were tested with  generally poor 
results.  The nairlessw types produced a coarse, wet spray for a variety of 
pressures and orifice sizes and had an unsatisfactory geometric pattern. The 
air-l iquid types that were tested were found to have a very limited range of 
usable pressures. The performance of one of the better types is graphed 
bnlow. 

Observations were made of the mist droplet size captured on a luci te  
sheet 3 feet from the nozzle during bench t e s t s  and from the quality of the 
Doppler signal observed during a tunnel run. 
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AHES DESIGNED INJECTORS 

Thrce  t y p e s  o f  s eed ing  t n j e c t n r s  u s i n g  a i r - l i q u i d  mixing have been suc- 
c e s s h r l l y  used i n  t h e  High Reynplds T a c i l i t i e s .  Good a tomiza t ion  was ob ta ined  
w i t h  a l l  t h r e e  d e s i g n s  for a wide range  o f  p r e s s u r e s .  

Type A was  used i n  HRC I f o r  s e v e r a l  tests which d i d  n o t  r e q u i r e  s eed ing  
o f  t h e  e n t i r e  flow. Wake s u r v e y s  p l a m e d  for HRC 11, however, r e q u i r e d  more 
e x t e n s i v e  seed ing  d i s t r i b u t i o n s ,  Multl;.Ie l i q u i d  n o z z l e s  a t  a t h r o t t l i n g  
o r i f i c e  i n  t h e  h i g h  p r e s s u r e  a i r  s u p p l y  were u s e d  a s  shown a t  B. T h i s  
a r rangement  provided a f i n e l y  atomized sp ray  w i t h  e x c e l l e n t  d i s t r i b u t i o n  and 
uni formi ty .  P rev ious ly  mentioned concerns  a b u t  p lugging  o f  t h e  porous  bound- 
a ry- layer  r enova l  p a n e l s  i n  t h e  test s e c t i o n  s i d e  walls, however, e l i m i n a t e d  
t h i s  approach.  
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AHES TYPE C INJECTOR 

The i n J e c t o r  conf igura t ion  shown a t  C was devised t o  provide  a good 
d i s t r i . b u t i o n  i n  t h e  ccmtra l  nooren flow without  f i l l i n g  t h e  s i d e  boundary 
l a y e r s .  T h i s  desigrr  h a s  been u s e d  i n  b o t h  H R C  I and ,I1 w i t h  e x o e l l e n t  
r e s u l t s .  It is loca ted  i n  t h e  tunne l  en t ranoe  s e o t i o n  on t h e  p lane  o f  sym- 
metry and spans  t h e  tunne l  from t o p  t o  bottom. It oan be i n s t a l l e d  through 
t h e  a v i ~ i l a b l e  1-lAntSPT threaded openings and aan aaoomaaodate an a r b i t r a r y  
number gnd l o c a t l o n  o f  i n j e a t i o n  s t a t i o h s ,  Provis ion is made i n  t h e  mounting 
f o r  t h e r m a l  s t r a i n  r e l i e f  and easy  removal f o r  c leaning.  The opposing l i q u i d  
je ts  a r e  well atomized by t h e  s o n i c  a i r  jet and t h e  impingement o f  t h e  a i r  J e t  
on t h e  l i q u i d  supply t u b e s  promotes a fan-shaped spray.  Adjustment o f  t h e  
i n J e c t i o n  p ressure  itnd number o f  s t a t i o n s  haa provided t h e  d e s i r e d  uniform 
d i s t r i b u t i o n  o f  seed m a t e r i a l  i n  t h e  test s e o t i o n  c o r e  wi thout  seeding t h e  
s idewal l  boundary l a y e r s ,  
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