
- 

NASA Technical Memorandum 1 0 0 4 8 6 

MODIFICATION TO THE LANGLEY 8-FOOT HIGH 
TEMPERATURE TUNNEL FOR HYPERSONIC PROPULSION 
TESTING 

D. E. REUBUSH, R. L. PUSTER, H. N. KELLY 

(NASA-TI¶-100486) MO53IXCATICG TC TBE N87-27957 
LANGLEY 8-EO03 HlGE TEBPEBAPOEE 3CNBEL FOB 
hYEEBSCIi IC PGCEOLSICB f E S l l l r G  4bASA) 13 p 
A o a i l :  N T l S  KC A C 2 / f l E  801 C S C l  20D Unclas  

G3/34 0099125 

JUNE 1987 

1 

a m 
National Aeronauttcs and 
Space Administration 

Langley Research Center 
Harnpton, Virginia 23665 



MODIFICATION TO THE LANGLEY 8-FOOT HIGH TEMPERATURE TUNNEL 
FOR HYPERSONIC PROPULSION TESTING 

David E. Reubush* 
Richard L. Puster** 

NASA, Langley Research Center 
H. Neale Ke l ly * *  

PRC Kentron 

. 

. 
4 

ABSTRACT 

This  paper descr ibes t h e  m o d i f i c a t i o n s  
c u r r e n t l y  underway t o  t h e  Langley 8-Foot 
High Temperature Tunnel t o  produce a new, 
unique n a t i o n a l  resource fo r  t e s t i n g  o f  
hypersonic a i r - b r e a t h i n g  p r o p u l s i o n  
systems. The c u r r e n t  tunnel ,  which has 
been used f o r  aerothermal loads and 
s t r u c t u r e s  research s ince  i t s  incept ion,  i s  
be ing modi f ied w i t h  t h e  a d d i t i o n  o f  a LOX 
system t o  b r i n g  t h e  oxygen content  o f  t h e  
t e s t  medium up t o  t h a t  o f  a i r ,  t h e  a d d i t i o n  
o f  a l t e r n a t e  Mach number c a p a b i l i t y  (4 and 
5) t o  augment t h e  c u r r e n t  M = 7 c a p a b i l i t y ,  
improvements t o  t h e  tunne l  hardware t o  
reduce maintenance downtime, t h e  a d d i t i o n  
o f  a hydrogen system t o  a l l o w  t h e  t e s t i n g  
o f  hydrogen powered engines, and a new data  
system t o  increase bo th  t h e  q u a n t i t y  and 
q u a l i t y  o f  the  data obtained. The paper 
d iscusses both t h e  m o d i f i c a t i o n s  and the 
development thereo f .  

INTROOUCTION 

I n  t h e  pas t  severa l  years t h e r e  has 
been a resurgent  i n t e r e s t  i n  hypersonics. 
This  i s  p a r t i c u l a r l y  evidenced by t h e  
N a t i o n a l  Aerospace Plane program (NASP see 
r e f .  1). I n  order  t o  meet t h e  goal  o f  t h e  
NASP program o f  develop ing t h e  technology 
t o  enable t h e  c o n s t r u c t i o n  of an aerospace 
v e h i c l e  which w i l l  be ab le  t o  take o f f  
h o r i z o n t a l l y  and reach o r b i t  s i g n i f i c a n t  
research must be conducted t o  develop and 
v a l i d a t e  t h i s  technology. 
impor tan t  areas of research f o r  
development o f  t h e  NASP and an upcoming 
genera t ion  of h igh  speed a i r - b r e a t h i n g  
v e h i c l e s  w i l l  be t h a t  o f  develop ing and 
r e f i n i n g  the  propu ls ion  system and i t s  
i n t e g r a t i o n  i n t o  t h e  veh ic le .  
conduct t h i s  research there  must be 
f a c i l i t i e s  a v a i l a b l e  w i t h  c a p a b i l i t i e s  t o  
adequate ly  s imu la te  t h e  proper  f l i g h t  
environments across t h e  speed range t h e  
veh ic les  w i l l  encounter f rom low subsonic 
through h i g h  hypersonic. I n  o rder  t o  
meet t h e  need f o r  p r o p u l s i o n  t e s t i n g  i n  t h e  
h i g h  supersonic - low hypersonic area (M = 
4 t o  7) f o r  t h e  NASP, o ther  hypersonic 
a i r c r a f t ,  and hypersonic a i r - b r e a t h i n g  
m i s s i l e s ,  NASA has underway t h e  
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m o d i f i c a t i o n  o f  t h e  Langley 8-Foot High 
Temperature Tunnel t o  add a l t e r n a t e  Mach 
number c a p a b i l i t y  and add oxygen enrichment 
t o  a l l o w  t h e  t e s t i n g  o f  opera t ing  engines 
a t  these Mach numbers and a t  true 
temperature leve ls .  Th is  paper w i l l  
descr ibe  t h e  tunnel ,  t h e  m o d i f i c a t i o n s  
being made t o  it, and d iscuss t h e  
development work necessary t o  ensure t h e  
m o d i f i c a t i o n s  w i l l  be successfu l .  (Th is  
paper p rov ides  updated and expanded 
in fo rmat ion  f rom t h a t  repor ted  i n  r e f .  2.) 

D I S C U S S I O N  

Current  Status o f  8-Foot High 
Temperature Tunnel 

A schematic of the  Langley 8-Foot High 
Temperature Tunnel as it e x i s t s  today i s  
shown i n  f i g u r e  1. The tunne l  was designed 
i n  the  l a t e  1950's and came i n t o  s e r v i c e  i n  
t h e  middle 1960's as a f a c i l i t y  t o  conduct 
research i n  t h e  areas o f  aerothermal loads 
and aerothermostructures and has been 
p r i m a r i l y  used as such f o r  t h e  l a s t  20 
years. The tunne l  i s  o f  t h e  blow-down type 
and uses the  combustion products  of methane 
and a i r  as a t e s t  medium. The combustion 
o f  h igh  pressure methane enables t h e  t u n n e l  
t o  s imu la te  t h e  h i g h  f l o w  energy l e v e l s  and 
t r u e  temperature o f  f l i g h t  a t  i t s  nominal 
Mach number o f  7. Actua l  Mach number 
var ies  from about 5.8 t o  7.3 depending on 
t o t a l  temperature and pressure. This  
v a r i a t i o n  i n  Mach number i s  due t o  t h e  f a c t  
t h a t  the  f l o w  i n  t h e  nozz le i s  
non- isent rop ic .  That i s ,  t h e r e  a r e  r e a l  
gas e f f e c t s  and some o f  the  water f rom t h e  
combustion process condenses i n  t h e  
products  o f  combustion t e s t  medium. 
Recent unpubl ished c a l c u l a t i o n s  by Er ickson 
o f  Langley i n d i c a t e  t h a t  t h e  condensation 
occurs about 19 ft. f rom t h e  t h r o a t  and 
t h a t  t h e  r e s u l t i n g  water d r o p l e t s  a re  about 
1 micron i n  diameter. Condensation i s  
g r e a t e s t  a t  low temperatures and h i g h  
pressures and e s s e n t i a l l y  disappears a t  
h i g h  temperatures and low pressures. 

The tunne l  t e s t  s e c t i o n  t o t a l  pressure 
can be var ied  f rom about 150 p s i a  up t o  
2400 p s i a  w h i l e  t o t a l  temperature can be 
v a r i e d  f rom about 2400 OR t o  about 3600 
OR.  

number range f rom about 0.3 m i l l i o n  per  
f o o t  t o  2.2 m i l l i o n  per foo t ,  dynamic 
pressures f rom about 250 p s f  t o  about 
1800 psf ,  and s imulated a l t i t u d e  f rom about 
80,000 ft. t o  about 130,000 ft. 
s to red  a i r ,  about 0.4 m i l l i o n  pounds 
( s t o r e d  i n  a b o t t l e  f i e l d  o f  14,700 c u f t .  
a t  6,000 p s i ) ,  i s  s u f f i c i e n t  t o  r u n  t h e  

These v a r i a t i o n s  y i e l d  a Reynolds 
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tunne l  and power the downstream M = 3.5 a i r  
e j e c t o r  (which has the c a p a b i l i t y  of 
dropping the  t e s t  chamber pressure t o  0.09 
p s i a )  f o r  run  times ranging f rom 30 sec. t o  
over 2 minutes depending on t h e  des i red  
t e s t  c o n d i t i o n s  (which w i l l  vary  t h e  t o t a l  
amount o f  f l o w  requi red by both t h e  tunne l  
and e j e c t o r ) .  The conica l /contoured M = 7 
nozz le i s  51.5 ft. i n  length  and extends 
i n t o  a 26 ft. diameter t e s t  chamber which 
houses t h e  8 ft. diameter, 12 ft. long open 
j e t  t e s t  sect ion.  Since t h e  methane-air 
combustion necessary f o r  p roduc t ion  o f  t h e  
h i g h  en tha lpy  leve ls  f o r  r e a l i s t i c  f l i g h t  
s i m u l a t i o n  depletes the  a i r  o f  oxygen, t h e  
tunne l  as it c u r r e n t l y  e x i s t s  cannot be 
used f o r  engine t e s t i n g  ( t h e  t e s t  medium 
cannot suppor t  f u r t h e r  combustion 1. 
i s  t h e  m o t i v a t i o n  f o r  t h e  oxygen enrichment 
p o r t i o n  o f  t h e  mod i f i ca t ion  p r o j e c t ,  which 
w i l l  be discussed l a t e r .  

I n  order  t o  f a c i l i t a t e  s t a r t i n g  t h e  
tunne l  and t o  p ro tec t  models f rom s t a r t - u p  
and shut-down dynamic loads, models under 
t e s t  a re  s to red  beneath the  t e s t  s e c t i o n  
and i n s e r t e d  i n t o  the stream a f t e r  
s teady-state hypersonic f l o w  has been 
establ ished.  A hydrau l i c  e l e v a t o r  system 
i s  used t o  i n s e r t  the model i n t o  t h e  t e s t  
sec t ion  f rom i t s  storage p o s i t i o n  i n  as 
l i t t l e  as 1 second, s u b j e c t i n g  t h e  model t o  
an a c c e l e r a t i o n  of  a t  most 2 g 's .  F igure  2 
i s  a t r i p l e  exposure o f  a model be ing 
i n s e r t e d  i n t o  the  t e s t  sect ion.  The 
carr iage,  on which the model r i d e s ,  weighs 
approx imate ly  15 tons. Two in terchangeable 
car r iages  are  ava i lab le :  a p i t c h  c a r r i a g e  
(shown) OR which the models are s t i n g  
mounted f rom a curved s t r u t  w i t h  a 
c a p a b i l i t y  o f  a +/- 20" angle o f  a t tack  
v a r i a t i o n  and a yaw c a r r i a g e  on which t h e  
models are mounted on a t u r n t a b l e  f l u s h  
w i t h  t h e  f l o o r  and can be r o t a t e d  through a 
+/- 20" yaw var ia t ion .  The car r iages  can 
accomodate models weighing up t o  about 
lC,OOO lbs. 

of f i g u r e  2 i s  a f low survey rake which 
resembles a la rge  w indsh ie ld  wiper. The 
raKE, which i s  pneumat ica l ly  operated, can 
accomodate up t o  37 in terchangeable probes 
( i  .e. temperature, pressure, gas sampling, 
heat  f l u x )  and can prov ide  a f l o w  f i e l d  
survey a t  any preselected l o n g i t u d i n a l  
p o s i t i o n  i n  t h e  t e s t  s e c t i o n  e i t h e r  
immediately p r i o r  t o  model i n s e r t i o n  o r  
immediately a f t e r  model removal. 

In a d d i t i o n  t o  the c a p a b i l i t y  o f  
i n j e c t i n g  a "co ld"  model i n t o  t h e  
h o t  stream ( c o l d  wa l l  cond i t ion) ,  t h e  
tunnel  has a rad ian t  p reheat ing  apparatus 
which can be used t o  preheat  t h e  model 
w h i l e  i t  res ides  below the  t e s t  s e c t i o n  t o  
s imu la te  cond i t ions  where t h e  v e h i c l e  has 
been i n  f l i g h t  a t  h igh  Mach numbers f o r  a 
p e r i o d  o f  t i m e  (hot w a l l  c o n d i t i o n ) .  
F igure  3 shows a schematic and photographs 
o f  t h e  preheat ing  apparatus. 

While p r i m a r i l y  used f o r  thermal  loads 
and thermal  p r o t e c t i o n  system research, t h e  
f a c i l i t y  has been used i n  t h e  pas t  f o r  
p r o p u l s i o n  s t ruc tu res  r e l a t e d  research. In 
the  l a t e  1960's and e a r l y  1970's a f u l l  

Th is  

A lso v i s i b l e  i n  t h e  upper r i g h t  corner  

scale, f l i g h t  weight, hydrogen cooled 
s t r u c t u r a l  assembly model (SAM) o f  t h e  
hypersonic  research engine (HRE) was t e s t e d  
as shown i n  f i g u r e  4 ( re f .  3) .  Th is  model 
was approx imate ly  7.5 ft. long w i t h  a cowl 
i n l e t  diameter o f  18 i n .  and a maximum 
diameter o f  25 i n .  The model, which 
fea tured  an i n t r i c a t e  hydrogen c o o l i n g  
system, was exposed t o  a t o t a l  o f  
approx imate ly  30 min. of hypersonic  f l i g h t  
environment and 55 thermal  cyc les.  It 
would have been des i reab le  t o  i n v e s t i g a t e  
engine opera t ion  dur ing  t h i s  t ime per iod,  
however, as mentioned before, t h e  oxygen 
d e f i c i e n t  t e s t  medium prec luded f u r t h e r  
combustion. To p r o p e r l y  t e s t  hypersonic 
a i r c r a f t  engines and a foreseen generat ion 
o f  h i g h  speed a i r - b r e a t h i n g  miss i les ,  t h e  
oxygen d e f i c i t  i n  t h e  t e s t  gas must be 
a l l e v i a t e d .  This i s  the  impetus f o r  t h e  
oxygen enrichment p o r t i o n  o f  t h e  
m o d i f i c a t i o n  p r o j e c t .  

Propu ls ion  System Test Needs 
and C a p a b i l i t i e s .  

An approximate Mach number-a l t i tude 
c o r r i d o r  f o r  a i r  b rea th ing  engines i s  
i n d i c a t e d  i n  f i g u r e  5. The upper a l t i t u d e  
l i m i t  on t h e  c o r r i d o r  i s  es tab l i shed by t h e  
a b i l i t y  t o  s u s t a i n  combustion w h i l e  t h e  
lower a l t i t u d e  l i m i t  i s  e s t a b l i s h e d  by t h e  
a b i l i t y  o f  the  s t r u c t u r e s  t o  w i ths tand t h e  
loads r e s u l t i n g  f rom the  h igh  temperatures 
and pressures generated a t  low a l t i t u d e s .  
I n  the  lower l e f t  ccrner  o f  t h e  f i g u r e  a r e  
i n d i c a t e d  t h e  opera t iona l  envelopes o f  t h e  
two la rge  scale p ropu ls ion  t e s t  f a c i l i t i e s  
(Aero Propu ls ion  Test U n i t  and Aero 
Propuls ion System Test F a c i l i t y )  a t  t h e  A i r  
Force Arnold Engineer ing Development Center 
(AEDC). These two f a c i l i t i e s  p r o v i d e  
propu ls ion  system t e s t i n g  c a p a b i l i t y  below 
a Mach number o f  about 4.5. However, f o r  
Mach numbers grea ter  than t h i s  t h e r e  i s  a 
d e f i n i t e  need f o r  a d d i t i o n a l  t e s t  
c a p a b i l i t y .  The la rge  cross-hatched b lock 
i n  the  center  o f  the  f i g u r e  i n d i c a t e s  t h e  
t e s t  range f o r  t h e  8-Foot High Temperature 
Tunnel w i t h  i t s  c u r r e n t  Mach number 
c a p a b i l i t y .  Th is  c a p a b i l i t y  covers the  M = 
6 t o  7 range very w e l l .  However, t h e r e  i s  
s t i l l  a need t o  f i l l  i n  t h e  t e s t  coveyage 
between t h e  AEOC f a c i l i t i e s  and t h e  8 
HTT. To f i l l  i n  t h i s  gap the  8-Foot High 
Temperature Tunnel m o d i f i c a t i o n  p r o j e c t  
w i l l  add t h e  c a p a b i l i t y  t o  t e s t  a t  
a l t e r n a t e  Mach numbers ( 4  and 5). These 
t e s t  c a p a b i l i t i e s  a re  shown by t h e  two t h i n  
b locks  i n  t h e  center  o f  t h e  f i g u r e .  With 
t h e  AEDC f a c i l i t i e s  and t h e  8 '  HTT t h e r e  
w i l l  e x i s t  f a c i l i t i e s  capable o f  t e s t i n g  
a i r - b r e a t h i n g  hypersonic  p r o p u l s i o n  systems 
f rom take  o f f  up through M = 7. It must be 
noted t h a t  the  f u l l  8 '  HTT t e s t  c a p a b i l i t y  
w i l l  no t  be a v a i l a b l e  w i t h  oxygen 
enrichment. The tunne l  can operate a t  
combustor t o t a l  pressures up t o  about 4000 
ps ia,  but  t h e  run tank t o  be used i n  t h e  
l i q u i d  oxygen system i s  surp lus  A i r  Force 
Rocket Propu ls ion  Laboratory  equipment ( t o  
save money) and can o n l y  be used up t o  
about 2300 ps ia .  This  w i l l  y i e l d  a reduced 
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low a l t i t u d e  s i m u l a t i o n  c a p a b i l i t y  as shown 
by t h e  dashed l i n e  on f i g u r e  5. 

Use o f  Oxygen Enr iched Combustion 
Products as a Tes t  Medium. 

Perhaps t h e  grea tes t  concern when 
cons ider ing  t h e  use o f  a f a c i l i t y ,  which 
u t i l i z e s  combustion t o  produce t h e  
necessary h i g h  enthalpy l e v e l s  r e q u i r e d  f o r  
t r u e  f l i g h t  s imulat ion,  i s  t h a t  t h e  
products  o f  combustion t e s t  medium (even 
when oxygen enr iched)  w i l l  no t  y i e l d  
r e s u l t s  a p p l i c a b l e  t o  f l i g h t  i n  a i r .  Th is  
i s  p a r t i c u l a r l y  t r u e  when engine opera t ion  
i s  under s tudy s ince  t h e r e  w i l l  be e f f e c t s  
o f  t h e  a d d i t i o n a l  chemical species f rom t h e  
combustion process used t o  heat  t h e  t e s t  
medium on the  burn ing i n  t h e  t e s t  engine. 
The s u i t a b i l i t y  o f  us ing  products  Of 
combustion as a t e s t  medium f o r  research 
not  i n v o l v i n g  engine operar ion  ( w i t h  
p a r t i c u l a r  regard t o  t h e  8 HTT) was 
i n v e s t i g a t e d  i n  considerable d e t a i l  and 
r e p o r t e d  i n  re fe rence 4. 
f rom t h a t  i n v e s t i g a t i o n  was t h a t  t h e  most 
impor tan t  cons idera t ion  i n  us ing  products  
o f  combustion as a t e s t  medium was t h e  
condensation o f  water vapor. The 
condensation o f  water vapor can have a 
s i g n i f i c a n t  e f f e c t  on t h e  t e s t  s e c t i o n  f low 
parameters, p a r t i c u l a r l y  i f  t h e  temperature 
i s  low enough. However, i f  t h e  t e s t  stream 
conditior,; a re  measured i n  t h e  t e s t  s e c t i o n  
and proper  values o f  t h e  thermodynamic and 
t r a n s p o r t  p r o p e r t i e s  o f  t h e  combustion are  
used i n  t h e  data reduc t ion  good c o r r e l a t i o n  
can be obta ined bo th  w i t h  theory  and w i t h  
exper imenta l  r e s u l t s  measured i n  a i r .  

The p o s s i b l e  e f f e c t s  on the s i m u l a t i o n  
o f  hydrogen-a i r  combustion i n  an oxygen 
enr iched products  o f  combustion t e s t  medium 
( v i t i a t e d  a i r )  have been examined by use o f  
t h e o r e t i c a l  techniques ( r e f .  5 and 6). 
These s tud ies  i n d i c a t e  t h a t  the  n i t r o u s  
ox ide  species i n  t h e  t e s t  medium w i l l  tend  
t o  reduce hydrogen i g n i t i o n  t ime when 
s t a t i c  temperatures are  less  than about 
1980 "R and have an i n s i g n i f i c a n t  e f f e c t  
above t h i s  temperature. The e f f e c t  o f  
water i n  t h e  t e s t  gas i s  e s s e n t i a l l y  
OPPOSite t o  t h a t  o f  t h e  n i t r o u s  oxide, t h a t  
i s .  below about 1980 "R water w i l l  r e t a r d  
hydrogen i g n i t i o n  w h i l e  above 1980 OR i t s  
Presence w i l l  decrease i g n i t i o n  t ime 
s l i g h t l y .  The combined e f f e c t s  o f  a l l  t h e  
var ious  species on p r e d i c t e d  hydrogen 
r e a c t i o n  t i m e  i s  shown i n  f i g u r e  6. 
be seen, t h e  o v e r a l l  e f f e c t  i s  small .  The 
s t u d i e s  a l s o  addressed t h e  e f f e c t s  o f  t h e  
f low contaminants on such t h i n g s  as f lame 
s t a b i l i t y  ( res idence t ime) .  Reference 6 
found t h a t  f o r  v i t i a t e d  a i r  t h e  flames a r e  
more s t a b l e  f o r  a l l  m ix tu res  w i t h  a maximum 
increase of about 14 percent. However, t h e  
aenera l  conc lus ion  f rom re fe rence 6 was 

From t h e  s tandpoint  o f  des ign ing p r a c t i c a l  
SUPerSOniC combustors, the  e f f e c t  o f  
f a c i l i t y  contaminants on i g n i t i o n  t i m e  a;d 
flame s t a b i l i t y  a r e  no t  a major concern. 

The conclus ion 

As can 

D e s c r i p t i o n  o f  Tunnel M o d i f i c a t i o n s  and 
Development Thereof 

A photograph o f  a sca le  model o f  t h e  
&Foot High Temperature Tunnel i s  shown i n  
f i g u r e  7. I d e n t i f i e d  i n  t h i s  f i g u r e  a r e  
t h e  major components of t h e  tunne l .  These 
components w i l l  be descr ibed and t h e i r  
development discussed i n  t h e  f o l l o w i n g  
f i g u r e s  s t a r t i n g  w i t h  t h e  combustor 
( c e n t e r - r i g h t  o f  t h e  f i g u r e )  and proceeding 
i n  the  genera l  d i r e c t i o n  o f  t h e  f low. 

Combustor, LOX, and f u e l  systems. - A 
c ross-sec t iona l  drawing o f  t h e  combustor i n  
which t h e  h o t  t e s t  g a s - i s  generated and i n  
which t h e  oxygen w i l l  be added i s  shown i n  
f i g u r e  8. High pressure a i r  f rom the  6000 
p s i  s to rage f i e l d  i s  in t roduced through a 
t o r u s  a t  t h e  upstream end o f  t h e  
combustor. To p r o t e c t  t h e  carbon s t e e l  
combustor pressure vessel from t h e  h o t  
combustion gases t h e  a i r  f lows t o  t h e  
downstream end of t h e  combustor i n  t h e  
annular  space between t h e  pressure vessel 
and an ou ter  s t a i n l e s s  s t e e l  l i n e r  where i t  
t u r n s  180' and f lows back upstream i n  t h e  
annular  space between t h e  ou ter  l i n e r  and 
an i n n e r  n i c k e l  l i n e r  t o  approx imate ly  t h e  
mid p o i n t  o f  the  combustor. A t  t h i s  p o i n t  
t h e  inner  l i n e r  terminates and t h e  a i r  i s  
dumped i n t o  t h e  3-foot diameter c e n t r a l  
p o r t i o n  o f  the  combustor. Also, t h i s  p o i n t  
i s  the  proposed l o c a t i o n  f o r  the  LOX spray 
apparatus (see f i g u r e ) .  

The LOX system i s  designed w i t h  a 
28,000 gal .  low pressure s torage tank and 
an 8,000 gal .  run  tank capable o f  
d e l i v e r i n g  150 lbs./sec. f o r  a maximum r u n  
t ime o f  3 minutes. As mentioned 
prev ious ly ,  the run  tank was obta ined as 
surp lus  equipment from t h e  A i r  Force Rocket 
Propu ls ion  Laboatory. Although the  s u r p l u s  
tank r e s u l t s  i n  a considerable cos t  saving, 
t h e  2300 p s i  pressure r a t i n g  of the  tank i s  
no t  as h i g h  as des i red.  Because o f  t h i s  
pressure l i m i t a t i o n ,  t h e  f a c i l i t y  o p e r a t i n g  
w i t h  oxygen enrichment w i l l  be l i m i t e d  t o  a 
maximum dynamic pressure of  about 1800 p s f  
o r  minimum s imulated a l t i t u d e s  of  
approx imate ly  60,000 f t .  a t  M = 4, 70,000 
ft. a t  M = 5, and 90,000 f t .  a t  M = 7. To 
prov ide  f o r  f u t u r e  growth a l l  the  p i p i n g  
and v a l v i n g  w i l l  be designed f o r  5000 p s i  
operat  ion. 

To prov ide  f i r s t - h a n d  experience i n  
hand l ing  oxygen and t o  develop o p e r a t i o n a l  
procedures a mock-up o f  a p r e v i o u l y  
proposed LOX i n j e c t i o n  system was i n s t a l l e d  
i n  t h e  Langley 7" HTT which i s  t h e  p i l o t  
f a c i l i t y  f o r  t h e  8 '  HTT. Th is  
i n v e s t i g a t i o n  prov ided va luable experience 
i n  hand l ing  cryogenic  f l u i d s .  It a l s o  
showed t h a t  t h e  i n j e c t i o n  o f  oxygen d i d  no t  
in t roduce any l a r g e  t rans ien ts ,  i n  f a c t ,  
much o f  t h e  no ise  in t roduced i n t o  t h e  f l o w  
by the  combustor was at tenuated (a  
r e d u c t i o n  o f  f rom 30-40%). The a t t e n u a t i o n  
was due t o  a s i g n i f i c a n t  increase i n  t h e  
e f f i c i e n c y  o f  methane combustion. However, 

3 



t h e  resu l t i n g  higher temperature o p e r a t i o n  
coupled w i t h  an apparent upstream movement 
o f  t h e  f lame f r o n t  overheated t h e  f u e l  
spray bar .  This problem was overcome i n  
t h e  p i l o t  f a c i l i t y  by s l i g h t l y  inc reas ing  
t h e  f u e l  pressure and by us ing  an a l l  
welded Inconel  625 i n j e c t t r .  
a n t i c i p a t e d  t h a t  s i m i l a r  
be requ i red  i n  the f u l l  sca le  f a c i l i t y .  
The development of t h e  c o n t r o l  system f o r  
t h e  LOX i n j e c t i o n  was a research p r o j e c t  
un to  i t s e l f  and has been documented i n  
r e f .  7. 

a i r  t h e  gases m i x  ( f l o w i n g  downstream a t  
about 30 f t . /sec. )  f o r  a proposed d is tance 
of  about 2.5 f t .  a t  which p o i n t  t h e  
a i r -oxygen mixture reaches the  f u e l  spray 
bar where the  methane fue l  i s  in t roduced.  
The f u e l  spray bar i s  a s e r i e s  o f  tubes 
formed i n t o  concentr ic  c i r c l e s  w i t h  a 
p a t t e r n  o f  spray holes der ived  
exper imenta l l y  t o  produce a un i fo rm 
temperature d i s t r i b u t i o n  i n  t h e  t e s t  
sec t ion .  The methane i s  supp l ied  through 
two la rge  p ipes which extend f rom t h e  
upstream end o f  the combustor t o  t h e  spray 
bar. ( I t  was also found dur ing  t h e  oxygen 
i n j e c t i o n  s tud ies  i n  the  p i l o t  f a c i l i t y  
t h a t  r e v i s i n g  the  methane f u e l  c o n t r o l  
system and a i r  con t ro l  system could f u r t h e r  
q u i e t  t h e  combustor generated noise o f  t h e  
f a c i l i t y .  The previous c o n t r o l  systems 
tended t c  cause the c o n t r o l  valves t o  
o s c i l l a t e  s l i g h t l y  which r e s u l t e d  
i n  o s c i l l a t i o n s  i n  t h e  combusting f l o w  and 
thus noise.) 

Combustion occurs i n  t h e  downstream 
h a l f  of the  combustor and t h e  h o t  gases 
then f l o w  through a convergent d ivergent ,  
conica l /contoured nozzle i n t o  t h e  t e s t  
sec t ion .  A t  present t h e  convergent s e c t i o n  
Of the  nozz le i s  water cooled and t h e  
nozz le t h r o a t ,  which experiences t h e  most 
severe environFent, i s  f i l m  cooled u s i n g  an 
annular  f i l m  o f  a i r  in t roduced j u s t  
upstream of t h e  th roa t .  Th is  f i l m  c o o l i n g  
a i r  i s  i n j e c t e d  a t  the  p o i n t  i n  t h e  
subsonic cont rac t ion  where t h e  Mach number 
has reached 0.11 and amounts t o  f rom 20 t o  
30% o f  t h e  t o t a l  nozzle flow. 
q u a n t i t y  o f  coo l ing  f l o w  r e s u l t s  i n  a 
r e l a t i v e l y  coo l  t e s t  s e c t i o n  boundary l a y e r  
w i t h  a t e s t  core of o n l y  about 4 ft. i n  
diameter which has constant  p roper t ies .  I n  
a d d i t i o n  t o  t h e  undesireable reduc t ion  i n  
t e s t  sec t ion  cross sec t ion  w i t h  good f l o w  
p r o p e r t i e s  t h e  water and f i l m  cooled 
components have been t h e  source o f  
c o n t i n u i n g  t r o u b l e  and W i l l  be rep laced as 
p a r t  o f  the mod i f i ca t ions .  

It i s  
f i n e  tun ing"  w i l l  

A f t e r  t h e  oxygen i s  sprayed i n t o  t h e  

This  l a r g e  

Transp i ra t ion  Cooled Approach Sect ion  
and Throat. - A sketch of t h e  proposed new 
approach sec t ion  and nozz le i s  shown i n  
f i g u r e  9. 
maximum i n t e r n a l  diameter o f  36 in., a 
minimum t h r o a t  diameter of 5.6 in., and i s  
approx imate ly  7.2 f t .  long; i s  be ing 
f a b r i c a t e d  by Aerojet Tech Systems u s i n g  a 
p l a t e l e t  concept, which they  pioneered f o r  
c o n t r o l l i n g  t h e  d i s t r i b u t i o n  o f  the  

This section; which has a 

t r a n s p i r a t i o n  f l u i d  ( i n  t h i s  case 
a i r ) ( r e f .  8) .  I n  t h i s  concept, h y d r a u l i c  
passages are photoetched on t h i n  sheets 
( p l a t e l e t s ) .  The p l a t e l e t s  vary i n  
th ickness  and are  bonded together  i n  
sec t ions  w i t h  t h e  i n j e c t i o n  s l o t  s i z e  and 
mass f low p r o p o r t i o n a l  t o  the  l o c a l  heat  
f l u x .  The design technique invo lves  
c a l c u l a t i n g  t h e  sur face  cond i t ions  and gas 
chemistry, then determin ing t h e  w a l l  heat  
t r a n s f e r  ra te,  and l a s t l y  c a l c u l a t i n g  t h e  
t r a n s p i r a t i o n  coo lan t  f l o w  t o  ma in ta in  t h e  
w a l l  a t  t h e  des i red  temperature. The 
design mass f l o w  f o r  the  t r a n s p i r a t i o n  
cooled approach s e c t i o n  and nozz le t h r o a t  
i s  about h a l f  o f  t h a t  c u r r e n t l y  used f o r  
j u s t  f i l m  c o o l i n g  t h e  t h r o a t .  
f l o w  r a t e  w i l l  be r e f l e c t e d  i n  an increase 
i n  t h e  ho t  gas f l o w i n g  through t h e  nozzle, 
a r e d u c t i o n  i n  condensation losses, a 
l a r g e r  reg ion  o f  un i fo rm temperature i n  t h e  
t e s t  sect ion,  and an increase i n  run  t ime. 
The a c t u a l  q u a n t i t y  o f  t r a n s p i r a t i o n  
c o o l i n g  a i r  f l o w  w i l l  have t o  be determined 
exper imenta l ly ,  however, i t  has been 
c a l c u l a t e d  t h a t  up t o  3 t imes t h e  
t h e o r e t i c a l  design value cou ld  be i n j e c t e d  
be fore  the  t h r o a t  boundary layer  would be 
blown o f f  t h e  sur face.  

c o n d i t i o n s  i n  the  unmodi f ied 8 HTT a r e  a t  the  
lcwer  end o f  the  scramjet  range ( f i g .  5 ) .  
Hmever ,  f o r  Pach numbers i n  t h e  range f o r  r a m  
j e t  t e s t i n g  and, i n  p a r t i c u l a r ,  t h e  c r i t i c a l  
t u r b o j e t  t o  ramje t  t r a n s i t i o n  range, t h e  nozz le  
must b e  reconf igured.  To o b t a i n  the  des i red  
Fach n u h e r s ,  p rov ide  t h e  h i q h  dynamic pressures 
requ i red ,  and reduce c o s t  by u t i l i z i n g  t h e  
maximum p o r t i o n  o f  e x i s t i n g  equipment noss ib le ;  
a dual t h r o a t  - mixer  concept s i m i l a r  t o  t h a t  
used t o  conver t  Tunnel " C "  a t  t h e  ACDC Von 
Karman (21s Dynamics F a c i l i t y  f rom a FBch 10 
t o  a Mach 4 t r u e  temperature tunnel  was 
se lec ted  ( r e f .  9 ) .  Th is  concept has a l s o  been 
used t o  p rov ide  increased c a p a b i l i t i e s  f o r  t h e  
Langley Scramjet Test  F a c i l i t y  ( r e f .  10) .  For 
t h e  8 '  HTT a p p l i c a t i o n ,  as i l l u s t r a t e d  b y  
f i g u r e  10, a s e c t i o n  o f  t h e  e x i s t i n g  nozz le  
w i l l  be removed and a mixer  w i t h  in terchange-  
a b l e  nozz le  sec t ions  w i l l  be i n s t a l l e d .  
in terchangeable,  M = 4 and 5, nozz le  sec t ions  
w i l l  c o n s i s t  o f  two Dar ts ,  a nozz le  t h r o a t  
i n s e r t  and a downstream s e c t i o n  t h a t  w o v i d e s  
a t r a n s i t i o n  from t h e  i n s e r t  t o  the  l a s t  18.4 
ft. o f  t h e  dmnstream end o f  the  e x i s t i n g  M 
= 7 nozz le  which w i l l  n o t  b e  rep laced.  The 
rep laceab le  s e c t i o n  o f  t h e  M = 7 nozz le  and 
t h e  m i x e r / a l t e r n a t e  Mach number nozz le  w i l l  
r i d e  on a i r  bear ings  t o  f a c i l i t a t e  b c h  
number change c a p a b i l i t y .  

Mixer Deve1opEyt.- The purpose o f  t h e  
mixer  i s  t o  inc rease t h e  t o t a l  mass f l w  
and t o  reduce t h e  temperature b y  adding 
arrb ient  temperature a i r  t o  t h e  ho t .  gas 
f l m i n g  from the  e x i s t i n g  COhustor  SO 
as t o  o b t a i n  t r u e  temperature s i m u l a t i o n  
and o b t a i n  h i g h  dynamic pressures a t  the  
l m e r  Fach numbers. The mixer  approach was 
s e l e c t e d  i n  l i e u  o f  e n l a r g i n g  t h e  e x i s t i n g  

This  reduced 

A l t e r n a t e  b c h  Number Cap:bility.- Tes t  

The 
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t h r o a t .  If a l a r g e r  t h r o a t  would have been 
used it would have been more d i f f i c u l t  t o  
ma in ta in  combustion i n  the  combustor due t o  
t h e  increased f l o w  v e l o c i t y  necessary t o  
pass t h e  increased mass f l o w  f o r  t h e  lower 
Mach number cond i t ions .  I n  add i t ion ,  t h e  
mixer  approach faCi l i t a t e s  changing Mach 
numbers s ince  t h e  a l t e r n a t e  Mach number 
nozz les now do no t  have t o  be cooled. (The 
mixed f l o w  f o r  t h e  lower Mach numbers i s  
s u f f i c i e n t l y  coo l  t o  a l l o w  use o f  a heat  
s ink  des ign f o r  t h e  a l t e r n a t e  Mach number 
nozz le  th roa ts . )  There was i n i t a l l y  a 
concern t h a t  it would be necessary t o  
u t i l i z e  mechanical means (such as t h e  
p e r f o r a t e d  metal p l a t e s  and screens used a t  
AEDC - re f .  11) t o  ensure adequate mixing. 
However, an aerodynamic concept had been 
s u c c e s s f u l l y  used a t  the  Langle Mach 7 
Scramjet Test F a c i l i t y  ( r e f .  lo!, and i t  
was decided t o  i n v e s t i g a t e  t h i s  type o f  
concept, s ince  the  cond i t ions  i n  t h e  6-Foot 
mixer  would be t o o  severe f o r  uncooled 
p l a t e s  o r  screens. Tests were conducted i n  
t h e  7" HTT p i l o t  f a c i l i t y  t o  i n v e s t i g a t e  
m i x i n g  concepts. 

des ign f o r  t h e  p i l o t  tunnel .  I n  t h i s  
concept, t h e  ho t  f l o w  was expanded through 
t h e  M = 7 nozzle t o  a Mach number o f  3.05 
a t  which p o i n t  t a n g e n t i a l  i n j e c t o r s  were 
located, which i n j e c t e d  equal Mach number 
a i r  i n t o  t h e  boundary layer  t o  energ ize 
it. A s e r i r b  o f  normal sonic  i n j e c t o r s  
were then loca ted  s l i g h t l y  downstream o f  
t h e  t a n g e n t i a l  i n j e c t o r s  and t h e  i n j e c t i o n  
o f  a i r  through these normal i n j e c t o r s  
i n i t i a t e d  the  supersonic d i f f u s i o n  o f  t h e  
h o t  M = 3 gas ( the  prev ious t a n g e n t i a l  
i n j e c t o r s  prevented the normal i n j e c t i o n  
f rom separa t ing  the  boundary layer . ) .  
process was then repeated w i t h  t h e  second 
s e t  o f  t a n g e n t i a l  i n j e c t o r s  hav ing a Mach 
number o f  2.25. A t  t h e  end o f  t h e  c o n i c a l  
d i f f u s e r  the  f l o w  encountered a r e l a t i v e l y  
l a r g e  amount o f  a i r  i n j e c t e d  i n  t h e  
upstream d i r e c t i o n  (-115' f i g .  12) f o l l o w e d  
by a d d i t i o n a l  normal i n j e c t i o n  a t  t h e  break 
p o i n t  i n  a sudden expansion d i f f u s e r .  The 
slowed and mix ing f l o w  then entered t h e  
m i x i n g  chamber where f i n a l  m ix ing  took 
p lace.  
cancel  the  e x i s t i n g  momentum o f  t h e  hot, 
p a r t i a l l y  mixed gas and enabled t h e  s e t  o f  
normal i n j e c t o r s  t o  complete t h e  d i f f u s i o n  
and s e t  up a ser ies  o f  backward f l o w i n g  
v o r t i c e s  t h a t  a lso  a l lowed t h e  f l o w  t o  
r e a t t a c h  t o  t h e  w a l l s  o f  t h e  mixer. 
A d d i t i o n a l  c o o l i n g  a i r  was i n j e c t e d  i n  t h e  
main body o f  the  mix ing  chamber t o  c o o l  t h e  
m i x i n g  chamber l i n e r .  The p r o p o r t i o n  o f  
t h e  c o o l i n g  a i r  i n j e c t e d  through t h e  
var ious  i n j e c t o r s  was var ied  s l i g h t l y  
depending on whether t h e  M = 4 o r  M = 5 
nozz les were i n s t a l l e d  a t  t h e  downstream 
end o f  t h e  mix ing chamber. The success o f  
t h e  mixer  design can be seen i n  f i g u r e  13, 
which shows t h e  t o t a l  temperature p r o f i l e s  
measured i n  t h e  mixer and t e s t  sec t ion  o f  
t h e  p i l o t  tunne l  a t  both M = 4 and 5. The 
r e s u l t i n g  design f o r  t h e  8' HTT w i t h  a 
t a b u l a t i o n  o f  the  proposed f l o w  r a t e s  i s  

F i g u r e  11 d e t a i l s  t h e  successfu l  mixer  

The 

The upstream i n j e c t e d  a i r  served t o  

shown i n  f i g u r e  14. T'ie o n l y  s i g n i f i c a n t  
d i f fe rence,  between the  des ign f o r  t h e  f u l l  
sca le  t u n n e l  and t h a t  developed f o r  t h e  
p i l o t  tunnel ,  i s  t h a t  t h e  f u l l  sca le  t u n n e l  
w i l l  have an a d d i t i o n a l  s e t  o f  t a n g e n t i a l  
and normal i n j e c t o r s  i n  the  supersonic 
d i f f u s e r .  

Nozzle Design Process. - The 
requirement t h a t  as much o f  t h e  e x i s t i n g  
tunne l  s t r u c t u r e  as poss ib le  be u t i l i z e d  i n  
t h e  mod i f ied  f a c i l i t y  r e s u l t e d  i n  t h e  
requi rement  t h a t  the  new a l t e r n a t e  Mach 
number nozzles i n t e r f a c e  w i t h  about 16.4 
ft. of t h e  downstream end o f  t h e  e x i s t i n g  M 
= 7 nozzle. In add i t ion .  i t  was des i red  
t h a t  f o r  t h e  c e n t r a l  60% of t h e  nozz le e x i t  
p lane t h e  maximum Mach number v a r i a t i o n  
would be no more than 0.2 w h i l e  t h e  maximum 
v a r i a t i o n  i n  s t a t i c  temperature be 100'F. 
These r a t h e r  s t r i n g e n t  requirements l e d  t o  
a new nozz le design technique f o r  t h e  M = 4 
and 5 a l t e r n a t e  nozzles. That i s ,  s ince  
t h e  des i red  Mach number, r e q u i r e d  length, 
and nozz le e x i t  geometry were f i xed ,  a 
reverse  c a l c u l a t i o n  procedure was developed 
t o  e s s e n t i a l l y  "work backwards" t o  o b t a i n  
t h e  nozz le contour  t o  f i t  w i t h i n  t h e  
requ i red  c o n s t r a i n t s .  This procedure 
invo lved i n t e r a c t i o n s  between and 
i t e r a t i o n s  of a method of c h a r a c t e r i s t i c s  
code w i t h  r e a l  gas e f f e c t s  accounted f o r ,  a 
boundary layer  code w i t h  c a p a b i l i t y  t o  
account f o r  r e a l  gas e f f e c t s  and w a l l  mass 
i n j e c t i o n ,  and an Eu ler  code w i t h  
c a p a b i l i t y  t o  account f o r  e q u i l i b r i u m  
chemist ry  e f f e c t s .  The r e s u l t i n g  nozz le  
contours were then checked w i t h  a 
Navier-Stokes code. Deta i  1s of  t h i s  des ign 
process can be found i n  r e f .  12. Pred ic ted  
e x i t  plane Mach number d i s t r i b u t i o n s  f o r  
t h e  M = 4 and 5 nozzles are shown i n  f i g u r e  
15. As can be seen, the  Mach number 
d i s t r i b u t i o n s  are  w e l l  w i t h i n  t h e  des i red  
v a r i a t i o n .  

For t h e  M = 7 nozz le t h e  des ign 
requirements were even more s t r i n g e n t  than 
f o r  t h e  M = 4 and 5 nozzles, t h a t  i s .  o n l y  
the new, t r a n s p i r a t i o n  cooled t h r o a t  
sec t ion  i n v o l v i n g  a p o r t i o n  o f  the  subsonic 
approach, the  t h r o a t ,  and a smal l  p a r t  o f  
t h e  supersonic expansion s e c t i o n  could be 
changed. (Th is  new sec t ion  i s  
approx imate ly  86 in .  long.) As a r e s u l t ,  
o n l y  t h e  Navier-Stokes code w i t h  the  
c a p a b i l i t y  f o r  mass a d d i t i o n  t o  s imulate 
the  t r a n s p i r a t i o n  c o o l i n g  and r e a c t i o n  r a t e  
chemist ry  was used t o  i t e r a t e  t o  a f i n a l  
design. This  code i s  a three-d imensional  
extens ion o f  the  code documented i n  r e f .  
13 and 14. An e x i t  p lane Mach number 
p r o f i l e  i s  a l s o  shown i n  f i g u r e  15. Again, 
t h e  p r e d i c t e d  d i s t r i b u t i o n  i s  q u i t e  good. 

Opera t iona l  Boundaries. - Dur ing mixer  
development work i n  the  I "  HTT p i l o t  
f a c i l i t y  i t  was found t h a t  the  tunne l  would 
not  s t a r t  a t  t h e  a l t e r n a t e  Mach numbers 
us ing  the  s tandard s t a r t i n g  procedure. 
From s tudy ing  h i g h  speed shadowgraphs o f  
t h e  s t a r t  it was observed t h a t  the  d i f f u s e r  
cou ld  not  capture the  s t a r t i n g  Mach d i s c  
which then grew i n  diameter w i t h  t i m e  i n  
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t h e  t e s t  sect ion.  This  phenomenon y i e l d e d  
two e f f e c t s  which combined t o  prec lude t h e  
f l o w  f rom s t a r t i n g .  That i s ,  t h e  Mach d i s c  
produced a very large pressure loss  which 
lowered the  compression r a t i o  a v a i l a b l e  fo r  
s t a r t i n g  and. since t h e  Mach d i s c  grew i n  
diameter w i t h  time, t h e  mass f l o w  pass ing 
through t h e  Mach disc a l s o  grew w i t h  t i m e  
( t h e  mass f l o w  was increas ing  f rom zero 
toward t h e  s teady-state r u n  amount which i s  
s i g n i f i c a n t l y  greater  f o r  t h e  a l t e r n a t e  
Mach numbers than f o r  t h e  tunne l ' s  design 
Mach number o f  7) which f u r t h e r  burdened 
t h e  a l ready  choked mix ing tube. The 
s o l u t i o n  t o  t h i s  problem invo lved e i t h e r  an 
impulse type o f  s t a r t  t o  f o r c e  t h e  s t a r t i n g  
shock across t h e  open j e t  t e s t  s e c t i o n  and 
i n t o  t h e  d i f f u s e r  (not  p r a c t i c a l  f o r  t h e  
8' HTT because o f  the la rge  va lves 
invo lved)  o r  a minor m o d i f i c a t i o n  t o  t h e  
entrance t o  t h e  mixing tube ( inc reas ing  t h e  
d i f f u s e r  ent rance angle f rom 8.5 deg. t o  
11.7 deg.) t o  a l low it t o  capture t h e  
s t a r t i n g  shock when t h e  Mach d i s c  was s t i l l  
r e l a t i v e l y  smal l  and t o  l i m i t  t h e  e j e c t o r  
and mixer s t a r t i n g  pressures t o  t h e  ranges 
shown on f i g u r e s  16 and 17 f o r  t h e  two 
a l t e r n a t e  Mach numbers. Once t h e  tunne l  
s t a r t e d  t h e  operat ing envelope cou ld  be 
expanded t o  t h e  u n s t a r t  l i m i t s  shown on t h e  
f igures .  S i m i l a r  s t a r t i n g  and runn ing  
envelopes are expected f o r  t h e  8-Foot a t  
the  a l t e r n a t e  Mach numbers. 

Use o f  t h e  Modi f ied 8-Foot HTT f o r  
Propu 1 s i on  Tes t ing  

Models. - The large, approx imate ly  8 
ft. diameter by over 12 ft. long, open j e t  
t e s t  sec t ion  w i  11 a1 low the  t e s t i n g  o f  
la rge  models w i t h  opera t ing  engines over  
s i g n i f i c a n t  angle o f  a t tack  and s i d e s l i p  
ranges. A t y p i c a l ,  l a r g e  sca le  model o f  an 
a i r - b r e a t h i n g  miss i le  i s  shown i n  f i g u r e  18 
t o  i l l u s t r a t e  how conf igurat ions,  which 
u t i l i z e  t h e  forebody as p a r t  o f  t h e  i n l e t  
compression system, can be t e s t e d  i n  l a r g e  
enough scaie t o  evaluate component 
i n t e r a c t i o n s  w i t h  an opera t ing  engine. 
l a r g e  conf igurat ions,  the  t e s t  s e c t i o n  
size, w h i l e  n o t  a l low ing  t h e  t e s t i n g  o f  a 
fLJ11 c o n f i g u r a t i o n  model w i t h  engines 
opera t ing  a t  a large scale, w i l l  a l l o w  t h e  
i n v e s t i g a t i o n  o f  the p o t e n t i a l l y  c r i t i c a l  
i n t e r a c t i o n s  between m u l t i p l e  engine 
modules a t  angles o f  a t tack  and yaw 
( p a r t i c u l a r l y  important i n  t h e  event o f  an 
i n l e t  u n s t a r t ) ;  the e f f e c t s  of engine sca le  
on performance; and t h e  performance o f  t h e  
a f te rbody  as a nozzle expansion sur face.  
I n  add i t ion ,  t h e  tunnel  w i l l  p rov ide  t h e  
c a p a b i l i t y  t o  evaluate the, g e n e r a l l y  
unscalable, t h e r m a l / s t r u c t u r a l  performance 
o f  t h e  f l i g h t  weight, f u e l  cooled engine 
s t r u c t u r e s  a t  e s s e n t i a l l y  f u l l  s ize .  A 
m u l t i p l e  scramjet  engine module concept i s  
shown i n s t a l l e d  i n  t h e  tunne l  i n  t h e  sketch 
o f  f i g u r e  19. 

U t i l i t i e s .  - The var ious u t i l i t i e s ,  
w h i c h a r e a v a i l a b l e  i n  t h e  t e s t  chamber o f  
t h e  8' HTT, a re  l i s t e d  i n  f i g .  20. The 

For  

e l e c t r i c a l  power (up t o  1.6 Mu) can be 
d i v i d e d  i n t o  15 separa te ly  c o n t o l l a b l e  
zones o f  f rom 0 t o  440 v o l t s  AC. Ambient 
temperature n i t r o g e n  a t  up t o  5 lbm./sec. 
a t  1000 p s i g  and water a t  up t o  150 gpm a t  
500 p s i g  a re  c u r r e n t l y  ava i lab le .  
w i l l  be plumbed t o  t h e  t e s t  chamber d u r i n g  
t h e  m o d i f i c a t i o n .  Ambient temperature 
hydrogen w i l l  be a v a i l a b l e  a t  up t o  
3.7 lbm./sec. w h i l e  hydrogen run  through a 
l i q u i d  n i t r o g e n  heat  exchanger t o  reduce 
i t s  temperature t o  about 220' R w i l l  be 
a v a i l a b l e  a t  up t o  1.4 lbm./sec., both a t  
1000 ps ig .  The l o c a l  s torage capac i ty  f o r  
hydrogen w i l l  be s u f f i c i e n t  t o  support 3 
runs o f  90 sec. d u r a t i o n  a t  the  maximum 
f low r a t e  o f  5.1 lbm/sec. While there  w i l l  
be c o n t r o l s  f o r  a l l  o f  these f l u i d s ,  t h e  
d e t a i l e d  c o n t r o l  system f o r  use w i t h  a 
g iven model w i l l  have t o  be prov ided as 
p a r t  o f  t h e  model hardware. 
t h e  f i g u r e  are  f l u i d s  which are a v a i l a b l e  
nearby b u t  no t  i n  the  t e s t  chamber. The 
use o f  any o f  these f l u i d s  would r e q u i r e  
t h e  a d d i t i o n a l  plumbing and conto ls  
necessary t o  ge t  them i n t o  t h e  t e s t  chamber 
and c o n t r o l  t h e i r  use t h e r e i n .  

Hydrogen 

Also shown on 

Data A c q u i s i t i o n  and Reduction. - 
There are  c u r r e n t l y  288 channels o f  
ins t rumenta t ion  a v a i l a b l e  i n  the  t e s t  
chamber (192 channels f o r  s t r a i n  gage type 
ins t rumenta t ion  and 96 channels f o r  
thermocouples). The c u r r e n t  system i s  
c o n t r o l l e d  by a Xerox 530 minicomputer. 
p a r t  o f  t h e  m o d i f i c a t i o n  a new data 
a c q u i s i t i o n  and reduc t ion  system w i l l  be 
i n s t a l l e d .  This  new system i s  d e t a i l e d  on 
f i g u r e  21. 
f r o n t  end w i l l  be i n t e r f a c e d  w i t h  a Modcomp 
32/85 32 b i t  minicomputer f o r  data 
a c q u i s i t i o n  and r e a l  t ime d isp lay .  
Nef f  w i l l  have the  c a p a b i l i t y  o f  hand l ing  
up t o  512 channels o f  analog data wi th 
s e l e c t a b l e  ranges o f  f rom +/- 5 m i l l i v o l t s  
up t o  +/- 10.24 v o l t s .  
ou tpu t  a d i g i t a l  16 b i t  r e s u l t  which i s  
accurate t o  +/- 0.02%. 

channels w i l l  be 50 frames/sec. 
up t o  80 o f  these channels can be 
conf igured  t o  scan a t  the  r a t e  o f  5000 
frames/sec. f o r  up t o  a minimum of  100 
m i l l i s e c . ,  and up t o  10 a d d i t i o n a l  channels 
can be scanned by a separate t r a n s i e n t  data 
recorder  a t  t h e  r a t e  o f  500,000 
frames/sec. f o r  up t o  a minimum o f  10 
m i l l i s e c .  The number of  channels / record ing 
t i m e  f o r  t h e  medium and h i g h  speed data 
channels i s  s torage l i m i t e d  by d i s c  space 
on t h e  Modcomp and memory space i n  t h e  
t r a n s i e n t  data recorder .  That i s ,  
a d d i t i o n a l  scan t i m e  a t  t h e  h i g h  r a t e s  can 
be obta ined by reducing t h e  number of 
channels scanned a t  t h e  h igh  ra tes .  I n  
a d d i t i o n  t o  c o n t r o l l i n g  the  Neff and 
s t o r i n g  t h e  raw d i g i t a l  data, t h e  Modcomp 
w i l l  a l s o  prov ide  r e a l  t ime data r e d u c t i o n  
c a p a b i l i t y  f o r  d i s p l a y  of up t o  24 pages o f  
23 data i tems per  page o f  e i t h e r  raw 
channel data, engineer ing u n i t s ,  o r  a few 

As 

A new Nef f  Model 600 analog 

The 

The Nef f  w i l l  

The normal scan r a t e  f o r  t h e  512 
However, 

c 

c 

6 



c a l c u l a t e d  q u a n t i t i e s  such as Mach number 
updated a t  the  r a t e  o f  4 t imes per sec. 
Although it i s  a n t i c i p a t e d  t h a t  due t o  t h e  
s h o r t  run  t i m e  o n l y  1 o r  2 pages w i l l  be 
a c t u a l l y  d isp layed dur ing  a run, t he  o thers  
w i l l  be s t o r e d  f o r  d i s p l a y  a f t e r  the  run  
has been completed. A d d i t i o n a l l y ,  t h e r e  
w i l l  be the  c a p a b i l i t y  t o  g r a p h i c a l l y  
d i s p l a y  up t o  40 data channels i n  a 4 
window graphics d i s p l a y  te rmina l .  The 
channel data may be p l o t t e d  aga ins t  another 
channel o r  aga ins t  t ime. Again, it i s  
a n t i c i p a t e d  t h a t  o n l y  1 or  2 o f  these pages 
w i l l  be d isp layed d u r i n g  the  run  and t h e  
o thers  w i l l  be a v a i l a b l e  a f t e r  t h e  run. 

Once the  data have been acquired 
t h e y  w i l l  be t r a n s f e r r e d  a f t e r  t h e  run  t o  a 
data r e d u c t i o n  hos t  processor c o n s i s t i n g  o f  
2 D i g i t a l  Equipment Corp. VAX 32 b i t  
computers (Models 8530 and 8550). The 
VAXes w i l l  then  be used f o r  f i n a l  data 
reduc t  i o n  (eng i neer i ng  un i t s ,  h e a t i n g  
ra tes ,  F o u r i e r  transforms, s t a t i s t i c a l  
ana ly is ,  etc.).  There w i l l  a l s o  be t h e  
c a p a b i l i t y  t o  generate data a n a l y s i s  p lo t s ,  
p r i n t - o u t s ,  data tapes f o r  t r a n s m i t t a l ,  and 
whatever o ther  necessary COmpUtatiOnS are  
des i red  i n c l u d i n g  accomodations f o r  user 
generated software. 

Schedule. - F i g u r e  22 presents a 
c u r r e m u l e  f o r  t he  m o d i f i c a t i o n  
p r o j e c t .  
f a c i l i t y  m c d i f i c a t i o n  was completed by  
F l u i d y n e  Engineer ing i n  1985. An 
independent c o n t r a c t  f o r  design and 
f a b r i c a t i o n  o f  t he  t r a n s p i r a t i o n  cooled, M 
= 7 nozzle was awarded t o  Aero je t  Tech 
Systems i n  1985. The f i n a l  aerodynamic 
l i n e s  were forwarded t o  them i n  e a r l y  
1987. The Modcomp/Neff data a c q u i s i t i o n  
system has been procured and i s  c u r r e n t l y  
i n  the  i n s t a l l a t i o n  process. The 2 data 
r e d u c t i o n  host VAX computers w i l l  be 
procured one i n  t h i s  f i s c a l  year and t h e  
o t h e r  next f i s c a l  year w h i l e  the  hos t  
so f tware  i s  under development. A c o n t r a c t  
f o r  t he  major c o n s t r u t i o n  p a r t  o f  the  
p r o j e c t  was awarded t o  Chicago Br idge and 
I r o n  (CBI-NACON) i n  mid 1986. The 
c o n s t r u c t i o n  phase i s  scheduled f o r  29 
months w i t h  the f a c i l i t y  down f o r  a p e r i o d  
o f  9 months f o r  i n s t a l l a t i o n  o f  t h e  
mod i f i ca t ions  beginning i n  June, 1988. 
Const ruc t ion  w i l l  be fo l lowed by a planned 
p e r i o d  o f  about a year f o r  f a c i l i t y  
shakedown and c a l i b r a t i o n .  The f a c i l i t y  
should be a v a i l a b l e  f o r  research i n  e a r l y  
1990. 

The d e t a i l e d  design o f  the  

CONCLUDING REMARKS 

Th is  paper has descr ibed the  c u r r e n t l y  
underway m o d i f i c a t i o n s  t o  t h e  NASA Langley 
Research Center 8-Foot High Temperature 
Tunnel which w i l l  r e s u l t  i n  a unique 
n a t i o n a l  f a c i l i t y  f o r  the  i n v e s t i g a t i o n  of 
h i g h  Mach number p ropu ls ion  systems, 
aerothermal loads, and aerothermal 
s t r u c t u r e s .  The f a c i l i t y  i s  being m o d i f i e d  

w i t h  t h e  a d d i t i o n  o f  a LOX system t o  b r i n g  
the  oxygen content o f  t he  h igh  en tha lpy  
t e s t  medium up t o  t h a t  o f  a i r ,  m o d i f i e d  
nozzles t o  enable the  tunne l  t o  operate a t  
the  a d d i t i o n a l  Mach numbers o f  4 and 5, t h e  
a d d i t i o n  o f  hydrogen plumbing t o  the  t e s t  
chamber t o  a l low the  t e s t i n g  o f  hydrogen 
powered engines, and a new data system t o  
increase both t h e  amount o f  data t h a t  may 
be obtained and the  e f f i c i e n c y  o f  i t s  
a c q u i s i t i o n  and reduc t ion .  When t h e  
mod i f i ca t ions  are  complete the  n a t i o n ' s  
p r o p u l s i o n  t e s t  c a p a b i l i t y  w i l l  be extended 
t o  M = 7 f o r  l a rge  models w i t h  o p e r a t i n g  
engines. Covered w i l l  be the  very c r i t i c a l  
t r a n s i t i o n  Mach number ranges f o r  both 
t u r b o j e t  t o  ramje t  t r a n s i t i o n  and ramje t  t o  
scramjet  t r a n s i t i o n  as w e l l  as Mach numbers 
f o r  both ramje t  and scramjet  opera t ion .  I n  
a d d i t i o n ,  the  t e s t  c a p a b i l i t y  f o r  
determinat ion o f  a e r o t h e r m l  loads and 
e v a l u a t i o n  o f  aerothermal s t r u c t u r e s  f o r  
l a rge  t e s t  specimens w i l l  be extended t o  
the  a d d i t i o n a l  Mach numbers o f  4 and 5. 
i s  a n t i c i p a t e d  t h a t  t he  mod i f ied  tunne l  
w i l l  come o n - l i n e  i n  t ime t o  p rov ide  
s i g n i f i c a n t  research support t o  the  
development o f  p r o p u l s i o n  systems f o r  t he  
upcoming generat ion o f  hypersonic veh ic les .  
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Temperature Tunnel. 
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the  8-Foot High Temperature Tunnel. 
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near the  &Foot  High Temperature Tunnel t e s t  
chanber. 
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F i g u r e  22.- &Foot High Temperature Tunnel 
m o d i f i c a t i o n  schedule. 

4 

11 



Standard Bibliographic Page 

. Report No. 

NASA T M - 100486 
2. Government Accession No. 

~~~ ~~~ 

'. Author(s) 
D. E. Reubush, R.  L. Puster, H. N. Kelly 

Unclassified 

1. Performing Organization Name and Address 
NASA Langley Research Center 
Hampton, VA 23665-5225 

Unclassified 12 I A02 

2. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, DC 20546-0001 

3. Recipient's Catalog No. 

5. Report Date 

June 1987 
6. Performing Organization Code 

8. Performing Organization Report No. 

10. Work Unit No. 
506- 4 1- 2 1-01 

11. Contract or Grant No. 

13. Type of Report and Period Covered 

Tec hn i ca 1 k m o  r and um 
14. Sponsoring Agency Code 

. .  
5. Supplementary Notes 

Presented a t  AIAA/SAE/ASK 23rd JOINT PROPULSION CONFERENCE in San Diego, CA, 
on June 29 - July 2 ,  1987. AIAA Paper No. 87-1887 
D. E. Reubush and R. L .  Puster, Langley Research Center, Hampton, Virginia. 
H .  N.  Kelly, PRC Kentron, Hampton, Virginia. 

~~~~ ~ 

6. Abstract 

This paPC:r describes the modifications currently underway to  the Langley 
8-Foot High Temperature Tunnel t o  produce a new, unique national resource for  
testing of hypersonic air-breathing propulsion systems. 
which has been used for  aerothermal loads and structures research since i t s  
inception, i s  being modified w i t h  the addition of a L O X  system to  b r i n g  the 
oxygen content o f  the t e s t  medium up to  that  of a i r ,  the addition of a l ternate  
hch number capability ( 4  and 5)  to  augment the current M =  7 capabili ty,  
improvements t o  the tunnel hardware to  reduce maintenance downtime, the addition 
of a hydrogen system to allow the testing of hydrogen powered engines, and a 
new data system to increase b o t h  the quantity and quality of the data obtained. 
The paper discusses both the modifications and the development thereof. 

The current tunnel, 

17. Key Words (Suggested by Authors(s)) 
Hypersonic Wind Tunnel 
Hypersonic Propulsion Testing 
Ground Testing 
Vitated Test kdiurn 

19. Security Classif.(of this report) 

18. Distribution Statement 
Uncl ass i f i ed - Unl imi ted 

Subject Category - 34 

For sale by the National Technical Information Service, Springfield, Virginia 22161 
NASA Langley Form 63 (June 1985) 


