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NASA LEWIS lFTxlFT SUPERSONIC WIND TUNNEL 

The NASA Lewis 1x1 f o o t  supersonic wind turinel i s  used t o  experimental l y  
v e r i f y  computational methods, This tunnel, which i s  continuous running, 
operates from laboratory-wide high pressure a i r  and vacuum systems. As 
such, the a i r  does not r e c i r c u l a t e  but makes a s ing le  pass through the 
tunnel. The Mach number i s  var ied w i t h  interchangeable nozzle blocks and 
has a range f r o a  Mach 1.6 t o  4.0, Dry and f i l t e r e d  a i r  i s  ava i lab le  up t o  
pressures o f  3 ::tmospheres. The a i r  enters the tunnel system through a 
plenum having f low st ra ighteners and 6 f i n e  mesh screens. The e x i t  of the  
plenum provides smooth contract  ion  w i t h  an area r a t i o  of  approximately 20 
that,  along w i th  the screens, providf: a uni form f l ow  f o r  the nozzle. (See 
f i g .  1.) 

TEST SECTION 

EXHAUST SYSTEM 

Figure 1 



TUNNEL TEST SECTION 

A t e s t  section downstream o f  the nozzle blocks i s  avai lable f o r  studies. 
This section, which i s  .65 m long, has two por ts  o f  tunnel height and .5m 
i n  length tha t  are used f o r  windows, model i n s t a l  l a t i o n  and 
instrumentation. Dowwtream o f  t h i s  t e s t  sect ion i s  a t r a n s i t i o n  and 
d i f f use r  sect ion which ducts the f low i n t o  the vacuum exhaust system. I n  
the  tes t  described here, a f low blockage cone was i n s t a l l e d  i n  the 
t r a n s i t i o n  sect ion t o  s t a b i l i z e  a normal shock i n  the t e s t  section. This 
cone could be actuated a x i a l l y  t o  pos i t i on  the shock at the desired 
location. (See f i g .  2.) 
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SCHLIEREN-FLOW VISUALIZATION -a POOR QUALITY 

The normal shack-tunnel wall boundary 1 ayer interact  ion was investigated 
a t  Mach number 1.6. Figure 3 shows the results of a Schl ieren flow 
visualization of. the shock-boundary layer interaction. This ~ h o t o g r a ~ t ,  
which extends approximately 10 cm from the tunnel f loor, shows the 
bifurcated or "lambda" shock structure. In th is  photograph the flow i s  
from r i g h t  to  lef t .  

- 

Figure 3 



'URFACE OIL FLOU VISUI\LIZATION ORIGIKAL p;.r.'f ? 
W. POOR Q U A L ~  

The pressure gradient from the shock a t  the re l a t i ve l y  high Mach number of 
1.6 causes sc>stantial f low separation i n  the wind tunnel. I n  f igure 4 
surface o i l  :;ow v isua l iza t ion i s  used t o  define the three-dimensional 
separate regions produced by the shock in teract ing wi th the tunnel 
boundarm- layer. I n  t h i s  figure, an o i  1-fluorescent dye mixture was 
appl i. , upstream and a1 lowed t o  f low downstrean through the interact ion 
reo' ,). The resu l ts  were photographed through the Schleiren window. The 
o i  c lea r l y  defines a large separation bubble i n  the corner o f  the tes t  
:;€tion a t  the location of the shock. 
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SURFACE OIL FLOW VISUALIZATION 

-. 
I n  f igure 5, a photograph o f  a s l i g h t l y  d i f ferent  surface o i  1 f low 
visual izat ion technique was used. Here the o i l  i s  applied over the en t i re  

. . surface o f  the tunnel and then the normal shock established i n  the t es t  
section. Using t h i s  technique, the surface f low structure i n  the 

r 
separated region i s  defined. The surface o i l  f low shows the reverse f low 
i n  the separated region. 

r L 
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ORIGIM5.L ; !s SURFACE 01 L f LOW V 1 SUAL 1 ZATION 
POOR Q i ) ~ r [ ~ i  

The three-dimensional nature o f  the separation i s  shown i n  f igure 6. I n  
t h i s  photograph, the resu l t s  of a surface o i l  f low v isua l iza t ion are shown 
fro. an upstrean location. This view was taken a f te r  the tunnel was shut 
down and the tunnel nozzle block removed. I n  the mid-floor region, the 
o i  1 f low was disrupted by the 1 ine o f  an access port  blank. The separated 
reg!on on the f loor  defined by the o i l  f low i s  nearly ident ical  t o  that  on 
the side wall. These resu l ts  give a p ic ture  o f  a quarter section o f  an 
axisymmetric separated f low region i n  the corner. 

Figure 6 



PARTICLE GENERATOR 

A schematic of the pa r t i c l e  generator used i n  t h i s  experimental 
investigation i s  shown i n  f i gu re  7. The design i s  based on a technique 
presented i n  Ref. 1 and i s  referred t o  as a evaporation - condensation 
generator. I n  t h i s  design, the seed material, DOP, i s  introduced along 
wi th a d i l u t i ng  gas through an atomizing nozzle. This mixture passes 
through a heating section that  vaporizes the DOP. The vapor i s  then 
slok'y cooled, a1 lowing the o i l  t o  condense on residue nuclei. This 
creates a monodisperse aerosol. The mean diameter can be control led by 
using an oi l -a lcohol  mixture and varying the concentration o f  t h i s  
mixtirre. For the tests described here, the o i l  concentration was 
maintained a t  20% by volume. 
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Figure 8 i s  a photograph o f  the evaporation - condensation pa r t i c l e  
generator. The generator i s  located approximately 10 meters upstream of 
the tunnel plenum. The seed i; injected i n t o  the flow at a location where 
the a i r  has passed through a pa i r  o f  para1 l e l  f i l t e r s  and the two streams 
are combined in to  a s ingle pipe. This lccat ion provides f o r  good mixing 
o f  the seed wi th  t h e  flow. This technique seeds the en t i re  tunnel f low 
and does not provide a means f o r  d i rec t ing the seed material t o  any 
locat ion i n  the tunnel flow. 

Figure 8 



PARTICLE SIZER RESULTS 

Since t h i s  experiment involves large pressure gradients i n  high speed 
flow, the goal o f  the seeding technique was t o  produce sub-micron seed 
p a r t i c l e s  t o  fo l l ow  the flow. I n  addit ion, the number density o f  the 
p a r t i c l e s  present should be su f f i c i en t  t o  al low useful data rates over the  
region of measurements. The tunnel f low was sampled i n  the t e s t  sect ion 
using a 10 mn dia. impact probe. These a i r  samples were analyzed w i th  a 
T 3 i  Inc. Aerodynamic P a r t i c l e  Sizer  (APS 33). I n  f i g u r e  9a the r e s u l t s  
of the sample f o r  the tunnel operat ing w i th  no seed introduced i s  shown. 
fnese r e s u l t s  show a r e l a t i v e l y  clean f low w i th  the peak concentration of 
less than 10 p a r t i c l e s  per cubic centimeter at .8 microns. This i s  
consistent w i th  the use o f  a f i l t e r e d  a i r  sup?ly t o  d r i ve  the tunnel. I n  
f i g u r e  9b the resu l t s  o f  a sample taken w i th  the p a r t i c l e  generator 
operat ing are shown. Here the peak concentration i s  a t  .8  microns a t  
near ly  400 p a r t i c l e s  per cubic centimeter. These resu l t s  show tha t  the  
seed c l e a r l y  dominates the na tu ra l l y  occuring p a r t i c l e s  i n  the flow. 
Addit ional information on the generator i s  given i n  reference 2. 
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LV SYSTEM 

For the  normal shock experiment described here, an independent check on 
t he  seed m a t e r i a l ' s  a b i l i t y  t o  fo l low the  f low i s  ava i lab le .  Away from the  
in f luence  o f  the wind tunnel boundary layers, the ncrmal shock provides 
e s s e n t i a l l y  a step change i n  the  a x i a l  v e l o c i t y  o f  the f low. By using a 
Laser Yelocimeter (LV) system t o  measure t h i s  v e l o c i t y  change, an idea of 
the a b i l i t y  of the seed and LV system t o  reso lve  the h'gh v e l o c i t y  
grad ients  present can be determined. F igure 10 i s  a schematic o f  the LV 
system used i n  t h i s  experiment. The system i s  a dual beam con f i gu ra t i on  
using on-axis forward sca t te r .  This system produces a good 
s ignal - to-no ise r a t i o  t h a t  al lows use o f  the  smal lest  poss ib le  seed. The 
focal  length o f  the  t r a n s m i t t i n g  lens was 250 mm w i t h  a 22 mm beam 
spacing. A f oca l  length o f  600 mm was used f o r  the c o l l e c t i n g  lens. The 
LV system i nc l ud ing  t he  l ase r  was mounted on a 3-axis t ab le  t h a t  could be 
remotely con t ro l  led. 
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LV RESULTS 

Some r e s u l t s  of the  LV measurements are shown i n  f i g u r e  11. The t b ~  
p l o t  represents t h e  v e l o c i t y  along t he  tunnel  c e n t e r l i n e  along w i t h  L,,: 

one-dimensional normal shock r e s u l t s  f o r  the  tunne; Mach number. The 
r e s u l t s  show good agreement. The increase i n  v e l o c i t y  a f t e r  the  snock i s  
a  r e s u l t  o f  the  separat ion bubbles, which produce an area change and 
cause a dev ia t i on  from t h e  one-dimensional f low.  The bottom p l o t s  
represent the v e l o c i t y  along l i n e s  t ha t  are p rogress ive ly  c l ose r  t o  the 
tunnel  s ide  wa l l .  These p l o t s  show the  e f f e c t  of the b i fu rca ted  shock and 
boundary l aye r  on the  ve loc i t y .  That is, the  a x i a l  grad ients  are 
s u b s t a n t i a l l y  reduced. 
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A Mach number contour has been const ructed from the  v e l o c i t y  measurements 
and i s  shown i n  f i g u r e  12. This p l o t  represents the  flow through the 
b i f u r c a t e d  shock-boundary l aye r  i n t e r a c t  ion. These measurements were 
taken a t  the  mid-tunnel p lane and represent t he  most near l y  
two-dimensional i o t e r a c t  i o n  i n  the  t u n i ~ e l .  These r e s u l t s  are s i m i l a r  t o  
those o f  re ference 3. 
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