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Abstract  

OEX, i s  a NASA program t o  provide research i ns t ru -
mentation on the Shu t t l e  Orb i te r .  The i n d i v i d u a l  
experiments c u r r e n t l y  under development are 
described as we l l  as the s p e c i f i c  research problems 
t o  be attacked. The research focuses on the en t r y  
phase of the f l i g h t .  The experiments, combined 
w i th  other instrumentat ion onboard the o r b i t e r ,  
w i l l  provide a wealth of benchmark f l i g h t  data 
which i s  expected t o  make a s i g n i f i c a n t  impact on 
the design of future space t ranspor tat ion systems. 

The Orb i te r  Experiments Program, re fer red t o  as 

In t roduc t i on  

One of the d i s t i ngu ish ing  marks of the 1980's 
fo r  aerodynamicists a n i  aerothennodynamicists k i l l  
be per iod ic  f l i g h t s  of the space shut t le ,  Nhich 
w i l l  provioe recurr ing oppor tun i t ies t o  stbdy
f l i g h t  problems o f  a winged vehic le  from hypersonic 
en t r y  condi t ions t o  touchdown. I n  order t o  capi-
t a l i z e  on t h i s  opportuni ty,  the Nat ional  
Aeronautics and Space Administrat ion has i n s t i t u t e d  
the Orb i te r  Experiments Program, f a m i l i a r l y  known 
as OEX. The purpose of the OEX program i s  t o  pro-
v ide the means by which researchers may design,
develop, and mount on the shu t t l e  instrumentat ion 
f o r  s p e c i f i c  f l i g h t  research purposes. 

For the i n i t i a l  shu t t l e  f l i g h t s ,  the i ns t ru -
mentation onboard may be categorized as e i t h e r  
operat ional  instrumentat ion f o r  monitor ing various 
operat ional  funct ions,  o r  developmental f l i g h t  
instrumentat ion f o r  measuring parameters requi red 
t o  perform design ve r i f i ca t i on .  Most o f  t h i s  
l a t t e r  instrumentat ion i s  intended t o  be removed 
a f t e r  the f i r s t  four f l i g h t s  because i t s  t o t a l  
weight i s  a s i g n i f i c a n t  f r a c t i o n  of the payload
capab i l i t y .  Therefore, i t  i s  h igh l y  desirable t o  
make maximum u t i l i t y  of t h i s  developmental f l i g h t  
instrumentat ion whi le  i t  i s  onboard. The research 
plans and a c t i v i t i e s  a t  Langley Research Center t o  
make use of t h i s  f l i g h t  data are described i n  
Ref. 1. However, the OEX program hopes t o  r e t a i n  
t h a t  po r t i on  of the development f l i g h t  instrumenta-
t i o n  which i s  most important f o r  research purposes. 
I n  addi t ion,  new OEX instruments w i l l  be added a t  
appropr iate times t o  provide measurements, o f  a 
research qua l i t y ,  s p e c i f i c a l l y  needed f o r  the 
planned experiments. 

This paper w i l l  discuss some o f  the aero-
thermodynamic problems of atmospheric en t r y  which 
w i l l  benef i t  from f u l l - s c a l e  f l i g h t  data, and some 
of the OEX instruments being constructed f o r  use on 
the o r b i t e r  dur ing en t r y  which are expected t o  pro-
vide f l i g h t  data t h a t  w i l l  help f i n d  so lut ions t o  
these problems. 

%sad, Aerothermodynamics Branch, Space Systems
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Nomenclature 

pressure c o e f f i c i e n t  = (P~-P,)/@~V 
stagnat ion enthalpy
Mach number 
l o c a l  wa l l  pressure 
freestream pressure 
gas constant 
Reynolds number based on body length 
reference temperature = 273 K 
freestream v e l o c i t y
viscous i n t e r a c t i o n  parameter = M/& 
mean free path 
freestream gas densi ty  
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F l i g h t  Aerothemdynamic Problems 

The t o t a l  data base ava i l ab le  t o  researchers 
and designers who are concerned w i t h  fu ture en t r y  
vehic les consists of ground t e s t  data, f l o w f i e l d  
computations, and f l i g h t  t e s t  data. 
t i o n  o f  these three, co r re la t i on  techniques have 
been der ived t o  p r e d i c t  the performance and govern
the design o f  candidate conf igurat ions.  Because of 
def ic iencies i n  t h i s  data base however, some such 
guide l ine co r re la t i ons  are very l i m i t e d  in scope, 
o r  untested, o r  even absent a l together .  The data 
base def ic ienc ies are the r e s u l t  of a combination o f  
l i m i t a t i o n s  o f  ground-test f a c i l i t i e s  and ana ly t i ca l  

parameters o f  f u l l  scale, hyperveloci ty f l i g h t ,  and 
a dearth o f  f l i g h t  data i n  t h i s  regime. 

From a combina-

methods i n  t h e i r  a b i l i t y  t o  simulate the important LI 

Ground-Based Data L im i ta t i ons  

The most extensive po r t i on  o f  t h i s  base has been 
ground t e s t  data. 
c i e n t  i n  modeling of several aspects o f  en t r y  env i -
ronment. The most serious o f  these def ic ienc ies are 
i n  the f a i l u r e  t o  dupl icate f l ow  chemistry and 
f a i l u r e  t o  p red ic t  r e l i a b l y  boundary-layer t r a n s i -
t i o n .  Conventional wind tunnels are not  designed t o  
produce high flow enthalpy, and although they may be 
hypersonic, they are not  hyperveloci ty.
o ther  devices, which include shock tunnels, shock 
tubes, arc tunnels, hot-shot tunnels, expansion 
tubes, and free p i s t o n  compressors, have been b u i l t  
i n  attempts t o  m d e l  the h igh enthalpy aspects o f  
entry.  While such devices have made valuable con-
t r i b u t i o n s ,  each has encountered l i m i t a t i o n s  which 
impaired i t s  usefulness and r e s t r i c t e d  the type o f  
prgblem t o  which i t  could contr ibute usefu l  data. 

t r a n s i t i o n  have been conducted i n  hypersonic wind 
tunnels, the resu l t s  have been un re l i ab le  and incon-
s i s ten t .  One prominent cause of t h i s  lack o f  con-
sistency i s  the noise o f  the tunnel wal l  boundary 
l a y e r  which rad iates t o  the model boundary l aye r  and 
thus perturbs i t s  s t a b i l i t y  i n  a nonpredictable 
manner. 

However, wind tunnels are d e f i -

Various 

Although innumerable studies o f  boundary-layer 

Advances i n  memory s i ze  and computation speed 

Rapid s t r ides 
of l a rge  computers have been accompanied by advances 
i n  f lowf ie ld  computational methods. 
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have been made i n  computing viscous f lows over 
three-dimensional configurations. However, modern 
comDuter codes do not  vet  incomorate a l l  the t o o l s  

pressure measurements t o  wind-tunnel measurements,
such as discussed i n  Ref. 3, w i l l  be very he lpfu l  
I n  def in ins the r o l e  Of  aas chemistrv i n  a f f e c t i n a  

needed t o  provide bendmark s o l i t i o n s  a t  en t ry
speeds, p a r t i c u l a r l y  for  winged configurations. 
The presence o f  embedded subsonic f low, for example.
i s  inconsis tent  w i t h  the commonly used marching
techniques. Such shortcomings are present ly  being
removed however, and the  current  leve l  o f  a c t i v i t y  
i n  t h i s  technology w i l l  undoubtedly bear much f r u i t  
i n  the coming years, and make more substant ia l  con-
t r i b u t i o n s  t o  the  t o t a l  data base. 

Entry F l i g h t  Conditions 

important parameters requi red t o  model Earth e n t r y
from low o r b i t .  
o r b i t e r  i s  taken from i t s  f i r s t  f l i g h t ,  STS-1. 
Even the operational envelope of the X-15 research 
a i r c r a f t  d i d  no t  begin t o  inc lude the h igh Mach 
numbers of i n t e r e s t .  The deficiency of wind tunnels 
i n  terms of f low energy i s  ind ica ted  by the a u x i l -
iary abscissa showing the t o t a l  enthalpy necessary 
t o  dupl icate f low v e l o c i t y .  
on ly  t o  the lower a l t i t u d e  o r t i o n  of the t ra jec to ry ,
below the Mach number peak.! As an example o f  the 
def ic iency,  i t  may be noted t h a t  the isen t rop ic  
stagnation ( reservo i r )  cond i t ion  requi red i n  a steady
flow wind tunnel t o  achieve the s h u t t l e  t r a j e c t o r y
condi t ion o f  80-km a l t i t u d e  would be a pressure o f  
20,000 atmospheres and temperature o f  12,500 K. 
Even ift h i s  cond i t ion  could be achieved, the  
Reynolds number would be d e f i c i e n t  by the scale of 
the  model. 

The ambient values o f  mean f ree  path shown i n  
Fig.  1 i l l u s t r a t e  an add i t iona l  complication f o r  
experimental and computational aerodynamics. A t  an 
a l t i t u d e  of 90 km,the mean free path i s  about 3 an. 
whi le  the  shock standoff distance near the stagna-
t i o n  p o i n t  of the o r b i t e r  Is computed t o  be about 
12 cm. Thus t t  i s  important that shock and body
s l i p  condit ions, as wel l  as f i n i t e - r a t e  chemical 
reactions, be included i n  the computational method. 

The foregoing discussion on l i m i t a t i o n s  o f  
ground-based data and methods i s  given t o  i l l u s t r a t e  
the great value o f  obta in ing research grade data on 
the o r b i t e r .  
f l i g h t  data may be expected t o  increase our  under-
standing o f  the basic f low phenomena i n  a number of 
problem areas. Some o f  these problems are described 
i n  the fo l low ing  paragraphs. 

Aerodynamic Coef f i c ien ts  

basis of t e s t s  run i n  per fect  gas wind tunnels. 
Ex t rac t ion  of the aerodynamic coef f ic ients  from the 
f l i g h t  data w i l l  provide the  oppor tun i ty  t o  assess 
the importance o f  gas chemistry on the s t a t i c  and 
dynamic aerodynamic coef f i c ien ts  and contro l  effec-
tiveness. Of p a r t i c u l a r  importance i s  the separa-
t i o n  o f  the response of the reac t ion  cont ro l  system
from the o v e r a l l  coef f ic ients .  Reaction contro l  
response i s  p a r t i c u l a r l y  d i f f i c u l t  t o  model i n  the 
wind tunnel, so f l i g h t  data w i l l  be very valuable 
i n  t h i s  area. Windward surface pressures are 
notably  i n s e n s i t i v e  t o  f l o w  chemistry; however, lee-
s ide  pressures o r  o ther  regions o f  f low expansion 
may be much more sens i t i ve  t o  the chemical s t a t e  o f  
the gas. Thus p i t c h i n g  moments may be c r i t l c a l l y  
a f fec ted  by real-gas e f f e c t s .  Comparison of  f l i g h t  

Figure 1 i l l u s t r a t e s  the ranges of some o f  the 

The t r a j e c t o r y  shown f o r  the 

(This scale appl ies 

Evaluation and analys is  of o r b i t e r  

The o r b i t e r  has been designed l a r g e l y  on the 
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aerodynamic forces. 

The dif ference i n  shock shape and s tandof f  
distance i s  very appreciable when real-gas cases are 
compared t o  per fec t  gas. Bow shock-wing shock i n t e r -
actions may be thus s i g n i f i c a n t l y  sh i f ted .  I n  order 
t o  model more accurately the normal shock densi ty
r a t i o  achieved i n  f l i g h t ,  wind-tunnel t e s t s  are some-
times conducted fn a gas other  than a i r .  The 
Langley C F ~tunnel4 i s  an example of a tunnel 
intended f o r  Earth en t ry  tes t ing ,  bu t  using a t e s t  
medium which more c lose ly  models the normal shock 
densi ty  r a t i o  o f  rea l  a i r .  F l i g h t  data are needed 
t o  v e r i f y  t h i s  concept f o r  complex configurations. 

Rarefied Flow Ef fects  

For en t ry  t r a j e c t o r i e s  such as flown by the 
o r b i t e r ,  s i g n i f t c a n t  forces and heat t rans fer  are 
sensed whi le  the atmosphere i s  s t i l l  q u i t e  ra re f ied .  
Figure 1 I l l u s t r a t e s  the range o f  values o f  mean 
free path and viscous i n t e r a c t i o n  parameter, T,
encountered. The author i s  no t  aware o f  any exper i -
mental data on the o r b i t e r  which model t h i s  ra re f ied  
por t ion  o f  the  ent ry .
p a r t i c u l a r l y  the t r a n s t t i o n a l  regime between con-
tinuum and free-molecule flow, has increased because 
of possible fu ture missions u t i l i z i n g  aero-assist 
f o r  t r a j e c t o r y  cont ro l .  
o r b i t a l  t r a n s f e r  vehic le  operating between geosyn-
chronous o r b i t  and low Earth o r b i t  may accomplish
i t s  o r b i t  change by a decelerat ing pass through the 
upper atmosphere. I n  such a maneuven the p r i n c i p a l
decelerat ion and heating would occur i n  the t r a n s i -
t i o n a l  f low regime. Thus, evaluat ion of r a r e f i e d  
f low e f f e c t s  on the o r b i t e r  would help assess per-
formance o f  such aero-assist vehicles. 

Body Flap and Control Surface Effect iveness 

The ef fect iveness of con t ro l  surfaces i n  
hypersonic f lows i s  frequently dominated by the 
extent  of boundary-layer separation induced by the 
def lected surface. The separation pa t te rn  and 
resu l tan t  surface pressures are dependent on the 
s ta te  o f  the boundary layer ,  the three-dimensional 
aspects o f  the geometry, the roughness o f  the 
surface, and degree o f  chemical reactions occurr ing
i n  the f low. Each of these aspects po in ts  t o  weak-
nesses i n  the ground data, thus creat ing uncertain-
t i e s  i n  f l i g h t  performance. 

Windward Surface Heat Transfer 

surfaces o f  a three-dimensional conf igurat ion a t  
htgh angle o f  attack, such as the o r b i t e r ,  have been 
based on wind-tunnel data due t o  def ic ienc ies o f  
f lowf ie ld  ca lcu la t ions  up t o  the present. However, 
since the design of the orbiter, a number of  improved 
p r e d i c t i o n  techniques based on f lowf ie ld  ca lcu la t ions  
have been developed. Comparison of  these pred ic t ions
w i t h  f l i g h t  data should prove q u i t e  useful. I t  has 
been shown (Ref. 5, f o r  example) t h a t  inc lus ion  o f  
entropy-layer swallowing i s  q u i t e  important, and i t  
i s  also necessary t o  account f o r  the f i n i t e - r a t g  
c a t a l y t i c  recombination e f f e c t s  of the surface. 
These e f f e c t s  are no t  usua l ly  modeled i n  wind-tunnel 
tests ,  but can cause a f a c t o r  o f  2 d i f ference i n  
predic ted heating f o r  some cases. 

-

I n t e r e s t  i n  r a r e f i e d  flows, 

For example, a f u t u r e  

Predict ions of heat t r a n s f e r  t o  the windward 



Leeward Surface Heat Transfer 

No accurate methods have been developed t o  
character ize the lees ide f l ow  patterns over the 
o r b i t e r .  Our understanding of t h i s  region of com-
plex flow i s  very poor, and consequently on ly  very
elementary approaches are ava i l ab le  t o  estimate 
heat- t ransfer  rates.  Wind-tunnel t e s t s  tend t o  be 
influenced by interference ef fects ,  and may n o t  
model the pe r t i nen t  parameters f o r  regions of 
separated flow. 

Boundary-Layer T rans i t i on  

Reynolds number f o r  boundary-layer t r a n s i t i o n  some-
times d i f f e r  s i g n i f i c a n t l y  from wind-tunnel-based 
predic t ions.  The degree t o  which nonequi l ibr ium
chemistry i n  the boundary l a y e r  inf luences t r a n s i -
t i o n  i s  n o t  we l l  established. The p a r t i c u l a r  form 
o f  surface roughness imposed by the RSI t i l e s  adds 
add i t i ona l  uncertainty.  For these reasons, the 
onset o f  t u rbu len t  boundary layers,  and the 
accompanying increase i n  heat t ransfer ,  cannot be 
predic ted w i t h  any degree o f  ce r ta in t y .  

As discussed previously,  f l i g h t  values o f  the 

The Orb i te r  Experiments Program 

I n  order t o  obta in  f l i g h t  data which w i l l  help 
answer the technical  questions discussed i n  the 
previous section, a number o f  research-dedicated 
experiments and instruments are being developed
under the OEX program. The experiments c u r r e n t l y  
approved f o r  development i n  the OEX program are 
l i s t e d  i n  Table 1. This tab le  w i l l  a lso serve as 
a guide t o  the  acronyms used f o r  the experiment 
names. Each o f  these experiments w i l l  be described 
t o  show the type o f  data which w i l l  be obtained, 
the interdependence o f  the experiments, and how the 
expected r e s u l t s  w i l l  apply t o  the prev ious ly
discussed technica l  issues. 

.Shut t le  Entry A i r  Data System 

a t t i t u d e  and freestream a i r  data throughout the 
speed range o f  ent ry .  This i s  accomplished by 
means o f  an array o f  f lush o r i f i c e s  on the vehic le  
nose. Figure 2 shows the arrangement of the 
o r i f i c e s .  Two pressure transducers, a high range 
(0-20 p s i )  and a low range (0-1 p s i )  are connected 
t o  each O F  the 14 pressure taps. The pressure d i s -
t r i b u t i o n  i n  the v e r t i c a l  plane i s  p r i m a r i l y  sen-
s i t i v e  t o  angle of a t tack,  whi le  the hor izonta l  
d i s t r i b u t i o n  w i l l  i nd i ca te  s ides l i p  angle. An 
extensive ma t r i x  o f  wind-tunnel t e s t s  and f l o w f i e l d  
ca lcu lat ions have been run t o  determine the effects 
of angle of a t tack  and s i d e s l i p  on the pressure
d i s t r i b u t i o n .  Error analysis has ind icated t h a t  
the measured angles should have a 3 a accuracy of 
0.50 f o r  Mach numbers greater than 3. 
expected t h a t  the SEADS system w i l l  have s u f f i c i e n t  
pressure s ignal  t o  begin prov id ing usable data a t  
an a l t i t u d e  o f  about 90 km. 

The stagnat ion pressure can be determined from 
the nose pressuse d i s t r i b u t i o n ,  and the dynamic 
pressure % p,V i s  then obtained from a knowledge
of  the stagnat ion p o i n t  pressure coef f ic ient ,  which 
i s  shown i n  Fig. 3. I n  t h i s  f i gu re ,  real-gas 
effects are considered by using rea l  a i r  proper t ies 
along the shu t t l e  en t r y  t ra jec to ry .  

SEADS’ w i l l  provide researchers w i t h  vehic le  

It i s  

Once the dynamic pressure i s  obtained, the 
freestream densi ty  may be calcu lated using the 
v e l o c i t y  obtained f r o m  t r a j e c t o r y  analysis. Baro-
s t a t i c  considerations w i l l  then permit  ca l cu la t i on  
of pressure and temperature i f  the a l t i t u d e  descent 
r a t e  i s  known accurately.  

It may be seen t h a t  the primary i n t e n t  of 
SEADS i s  t o  supply data needed by aerodynamic/
aerothermodynamic researchers ra the r  than t o  con-
duct a separate experiment. I n  addi t ion,  i t  w i l l  
provide informat ion on the performance ofga f l ush  
a i r  data system over a l a rge  speed range, and i s  
expected t o  be an important step i n  the develop-
ment of an advanced onboard a i r  data system whlch 
i s  appl icable over a wide speed range. 

Shu t t l e  Upper Atmosphere Mass Spectrometer 

The SUMS system i s  l i kew ise  intended t o  
provide freestream density. but  t h i s  instrument i s  
aimed a t  the raref ied regime, from an a l t i t u d e  of 
about 80-km upward. Use w i l l  be made of a backup
f l i g h t  mass spectrometer which remains from the 
Vik ing (Mars) p m j e c t .  The mass spectrometer and 
i n l e t  system w i l l  be mounted i n  the nose wheel we l l  
of the o r b i t e r  as i nd i ca ted  i n  Fig. 4. Gas i s  
sampled through an o r i f i c e  located near the wind-
ward cen te r l i ne  j u s t  a f t  o f  the o r b i t e r  nose cap. 
S u m t i o n  of the measured mass number densi t ies,  

c nimi  w i th  appropr iate t rans fe r  funct ions fo r  

the i n l e t  system response w i l l  d e t e n i n e  the f low-
f i e l d  densi ty  a t  the o r i f i c e  locat ion.  This l oca l  
surface densi ty  w i l l  then be corrected t o  freestrean 
dens ity  . 

The correct ion f a c t o r  which re la tes  freestream 
densi ty t o  surface densi ty a t  the SUMS o r i f i c e  must 
be determined by analysis,  s ince ground f a c i l i t i e s  
cannot dupl icate the proper raref ied environment. 
The analysis makes use of viscous continuum flow-
f i e l d  ca lcu lat ions as well as the  d i r e c t  s imulat ion 
Monte-Carlo method t o  model the f low and determine 
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the densi ty  r a t i o  p,/p, as a funct ion of the free-
stream state.  

The a l t i t u d e  range o f  i n te res t ,  f o r  which SUMS 
measurements w i l l  be p a r t i c u l a r l y  valuable, encom-
passes the range from free-molecule flow, through
the t r a n s i t i o n a l  regime, and i n t o  s l i p  flow. For 
example, a t  an a l t i t u d e  of 80 km, the mean free 
path of the freestream molecules i s  on l y  about four 
mi l l imeters ,  but  a t  120-km a l t i t u d e ,  the mean free 
path i s  over three meters. Through t h i s  range, the 
bow shock wave i s  expected t o  form, gas chemistry
w i l l  become a c t i v e  i n  the shock layer,  and a 
boundary l a y e r  w i t h  s l i p  boundary condt t ions w i l l  
emerge. Many questions remain about aerodynamic
performance i n  t h i s  raref ied state,  and the SUMS 
measurements combined w i t h  the fo l lowing exper i -
ment, o f f e r  the hope o f  probing t h i s  regime i n  some 
d e t a i l .  

Aerodynamic Coe f f i c i en t  I d e n t i f i c a t i o n  Package 

The A C I P  i s  comprised of three t r i a d s  of 
instruments, one each o f  dual-range l i n e a r  accelero-
meters, angular accelerometers, and r a t e  gyms. 
The package i s  located below the cargo bay and the 
instruments are accurately al igned t o  the o r b i t e r  
axes. The d i r e c t  measurement o f  vehic le  
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accelerat ions and rates dur ing en t r y  a t  a high
sampling frequency (-17DIsec) w i l l  permit  aero-
dynamic force determination, and when combined w i t h  
the freestream dynamic pressure measurements of 
SEADS and SUMS, w i l l  a l low d i r  c t  determination o f  
the s t a t i c  force coef f ic ients .5 These data w i l l  be 
compared t o  the wind-tunnel data base i n  order t o  
assess the accuracy w i t h  which the ground data were 
extrapolated t o  tne f l i g h t  condi t ion.  I n  addi t ion,  
they w i l l  a i d  i n  removing f l i g h t  r e s t r i c t i o n s  so as 
t o  open the operat ional  envelope of the o r b i t e r  
dJr ing entry.  

acceleroaeters w i l l  n o t  be s u f f i c i e n t  t o  e x t r a c t  
coef f ic ients  f o r  the ra re f i ed  flo, regime, where 
very low forces are incurred. Because of t h i s  
l i m i t a t i o n ,  a h igher  accuracy second generation
instrument, known as HIRAP (High Resolution Acceler-
ometer Package), i s  being constructed. HIRAP,  com-
bined w i th  the freestream s ta te  d e f i n i t i o n  provided 
by SUMS, i s  expected t o  contr ibute f l ight-based 
measurements of t he  aerodynamic coef f ic ients  th ro  n 
the t r a n s i t i o n a l  f low regime. 

Technology F l i g h t  Instrumentat ion 

The current  reso lu t i on  c a p a b i l i t y  o f  the A C I P  

As mentioned previously,  TFI represents t h a t  
po r t i on  of  the Developmental F l i g h t  Instrumentation, 
p a r t i c u l a r l y  surface pressure and temperature 
measurements, which i s  t o  be reta ined past  the 
o r b i t a l  f l i g h t  t e s t  period. I n  addi t ion,  plans are 
being made t o  include pressure and temperature 
measurements a t  new locat ions.  The p a r t i c u l a r  
measurements t o  be included have been selected fo r  
t h e i r  po ten t i a l  benef i t  i n  analyzing heat- t ransfer  
and Dressure d i s t r i b u t i o n s  a t  c r i t i c a l  reaions on 
the vehic le.  These data are expected t o  6e very 
important t o  the understanding of many of the prob-
lems noted i n  the preceding sect ion.  

Shu t t l e  In f rared Leeside Temperature Sensinp 

The SILTS experiment w i l l  mount an i n f r a r e d  
camera i n  a small pod on the top of the v e r t i c a l  
t a i l  (Fig.  5). 
upper fuselage and one win can be viewed by the 
camera, as i t  a l t e r n a t e l y  Yooks through each o f  two 
viewing windows which are t ransparent i n  the 
infrared. The camera w i l l  y i e l d  a continuous ser ies 
of  in f rared p i c tu res  throughout the ent ry ,  from 
which surface temperature d i s t r i b u t i o n s  may be 
obtained by means o f  camera c a l i b r a t i o n  factors and 
a knowledge o f  t he  l oca l  surface emiss iv i ty .  Heat-
t ransfer  r a t e  d i s t r i b u t i o n  i s  then obtained f r o m  the  
temperature d i s t r i b u t i o n s  through indep.th ma te r ia l  
response analysis.  This heat ing r a t e  may then be 
corrected t o  n e t  aerodynamic heat ing by subtract ion 
of s o l a r  heat ing and cross-rad iat ion heat t rans fe r .  

The complex nature of the lees ide f low a t  high 
angle of a t tack  causes great  uncer ta in ty  i n  heat-
t ransfer  predic t ion,  thus i n c u r r i n g  a l a r g e  uncer-
t a i n t y  i n  thermal p ro tec t i on  system requirements.
The SILTS data w i l l  be very valuable both t o  aero-
thermodynamics researchers and t o  those concerned 
w i t h  o r b i t e r  f l i g h t  c e r t i f i c a t i o n ,  s ince i t  g r e a t l y  
supplements the surface thermocouple and ca lor imeter  
data and gives a much more complete p i c t u r e  o f  
temperature d i s t r i b u t i o n .  

From t h i s  vantage point ,  most o f  the 

In f rared Imagery of Shu t t l e  

SILTS has an i dea l  vantage p o i n t  from which t o  
view the upper surface o f  t he  o r b i t e r ,  but  there i s  
not  an equivalent viewing p o i n t  f o r  the lower sur-
face. The I R I S  experiment w i l l  therefore u t i l i z e  
an under f ly ing a i rp lane  t o  obta in  windward and s ide 
surface i n f r a r e d  images o f  the o r b i t e r .  

This experiment involves no physical  contact  
w i t h  the o r b i t e r .  A C-141 a i r c r a f t  w i l l  have on-
board an acqu is i t i on  telescope, a pr imary telescope 
w i t h  a focal-plane array o f  in f rared detectors,  and 
the necessary data acqu is i t i on  equipment. The 
instrument i s  thus able t o  ob ta in  h igh reso lu t i on  
images of the o r b i t e r  windward surfaces. From 
these data, computer analys is  w i l l  provide tempera-
t u r e  d i s t r i b u t i o n s ,  and the i n fe r red  heat t r a n s f e r  
may be compared t o  ground-based condi t ions.  The 
heat ing e f f e c t s  of any boundary-layer separat ion 
ahea i of the body flap, boundary-layer t r a n s i t i o n  
pat  terns, and bow-shock/winged-shock i n t e r a c t i o n  may
be del ineated by these data. 

Tl'e-Gap Heat inq 

The TGH experiment i s  s p e c i f i c a l l y  aimed a t  
ncreased understanding o f  the in ter ference heat ing

in A l e  gaps aused by the  surface d i s c o n t i n u i t i e s  
of the gaps.18 The experiment w i l l  mount a removable 
panel carry ing eleven t t l e s  of the basel ine thermal 
p ro tec t i on  s stem mater ia l  on the  underside o f  t he  
o r b i t e r  fuseiage (Fig. 6). The gaps between the  
t i l e s  on the panel w i l l  be c o n t r o l l e d  i n  an attempt 
t o  parametr ica l ly  determine the ef fect  on l o c a l  heat-
t ransfer  ra te.  
w i l l  be var ied through the  use of gap f i l l e r s  f i t t e d  
a t  t he  bottom of  c e r t a i n  gaps. Temperature d i s t r i -
but ions of the t i l e s  w i l l  be determined f r o m  t h e m -
couple arrays as i l l u s t r a t e d  i n  Fig.  6. The objec-
t i v e  of t h i s  experiment i s  t o  def ine improvements i n  
the design of reusable surface i n s u l a t i o n  t i l e s  
through reduced in ter ference heat t rans fe r .  

C a t a l y t i c  Surface E f fec ts  

The CSE experiment examines another aspect of 
the o r b i t e r ' s  thermal p ro tec t i on  system i n  a real-gas
environment. A t  e n t r y  ve loc i ty ,  the boundary l a y e r
contains a s i g n i f i c a n t  number of (Ixygen and n i t rogen  
atoms due t o  the d i ssoc ia t i on  which occurs i n  the 
shock layer .  Ifthese atoms recombine a t  the surface,
much of the d i ssoc ia t i on  energy i s  y i e l d e d  t o  the  
surface. I f, however, the surface does n o t  a c t  as a 
c a t a l  s t  i n  promoting recombination, i t  can be 

glassy coat ing of t he  o r b i t e r  t i l e s  i s  known to be 
of l o w  c a t a l y t i c  e f f ic iency a t  low temperature, b u t  
t he  extent  t o  which t h i s  surface reduces heat 
t r a n s f e r  under f l i g h t  condi t ions as compared t o  a 
f u l l y  c a t a l y t i c  surface has n o t  been determined. 

I n  the CSE experiment, several instrumented 
t i l e s  w i l l  be Overcoated with a mater ia l  o f  h igh 
c a t a l y t i c  e f f ic iency.  The overcoat ing ma te r ia l  w i l l  
not a l t e r  the thermal or mechanical proper t ies o f  
the t i l e ,  and may be nondestruct ive ly  removed f r o m  
the t i l e .  Ent ry  data w i l l  permi t  comparison o f  t he  
surface temperature of the overcoated t i l e s  t o  
adjacent basel ine t i l e s  and thus provide a d i r e c t  
detetminat ion of the nonca ta l y t i c  effectiveness o f  
the basel ine t i l e  coating. 

I n  addit ion,  the depth of the gaps 

shownii t h a t  s u b s t a n t i a l l y  lower heat ing O C C U ~ ~ .  The 
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Figure 7, which i s  taken from Ref. 11, i l l u s -
t r a t e s  the l o c a t i o n  o f  t he  t i l e s  t o  be overcoated. 
The lower surface t i l e s  w i l l  be coated on e a r l y  
fuselage f l i g h t s .  The wing leading edge and upper 
wing surface w i l l  be coated i n  subsequent f l i gh ts .  

Dynamic, Acoustic, and Thermal Environment 

The DATE experiment w i l l  provide data on a 
problem which was n o t  discussed i n  the e a r l i e r  
sect ion o f  t h i s  paper: 
ment i n  the o r b i t e r ' s  payload bay.
o f  the DATE experiment i s  t o  provide data on the 
payload bay so as t o  develop improved methods o f  
p red ic t i ng  cargo bay environments. 

I n  t h i s  experiment, sensors such as micro-
phones, accelerometers, force gages, and thermal 
devices w i l l  be i n s t a l l e d  on the p a l l e t  and on 
cargo elements which do n o t  leave the bay dur ing
f l i g h t .  A l l  three axes o f  the o r b i t e r  and various 
locat ions w i t h i n  the  bay w i l l  be considered so as 
t o  determine parameters t h a t  can be used i n  environ-
ment predic t ion.  

d e f i n i t i o n  o f  the environ-
The ob jec t i ve  

lower and upper surface o f  the vehicle, prov id ing a 
valuable add i t i on  t o  the surface thermocouple 
measurements of TFI. These data w i l l  be by f a r  the 
most comprehensive ever obtained a t  Earth en t r y
condi t ions and w i l l  serve as benchmarks i n  research 
studies on rea l  -gas heat- t ransfer  problems. 

c a t a l y t i c  effects (CSE) provide the oppor tun i ty  t o  
obta in  data n o t  ava i l ab le  i n  ground f a c i l i t i e s  and 
apply the resu l t s  t o  improvements i n  the o r b i t e r ' s  
thermal p ro tec t i on  system. 

ments w i l l  be ava i l ab le  i s ,  i n  some cases, n o t  c lea r  
because as of the present w r i t i ng ,  s p e c i f i c  f l i g h t  
manifests are uncertain f o r  some o f  the experiments. 
S imi lar ly ,  funding const ra in ts  create uncer ta in ty  
as t o  which o f  the addi t ional  experiments t h a t  have 
been proposed w i l l  be developed. It can be stated 
w i t h  more ce r ta in t y ,  however, t h a t  the technologies 
necessary t o  design improved space t ranspor tat ion 
systems w i l l  be g rea t l y  advanced by the data t o  be 
obtained i n  t h i s  program. 

,J 

The experiments on t i l e s  gaps (TGH) and wa l l  

The schedule of when data f r o m  these exper i -

Present Status and Plans 

As o f  the w r i t i n g  o f  t h i s  paper, on ly  one 
The A C I P  exper-f l i g h t ,  STS-1, has been made. 

iment as onboard, and obtained excel lent  
data. ly The IRIS experiment was a l so  
attempted, b u t  the t rack ing  equipment f a i l e d  t o  
l ock  onto the o r b i t e r  image, so no data were 
obtained. The TGH and CSE experiments w i l l  be 
f lown on STS-2. F l i g h t  assignments are s t i l l  uncer-
t a i n  f o r  the SILTS, SEADS, and SUMS experiments, but  
i n  each case the experiments w i l l  be ready fo r  
i n s t a l l a t i o n  e a r l y  i n  1982. Unt i l  the SILTS and 
SUMS data are ava i l ab le  t o  provide the  necessary
freestream s t a t e  data, t h i s  in format ion must be 
i n f e r r e d  from meteorological data taken a t  f l i g h t  
time. The process used a t  Langley Research Center 
t o  accomplish t h i s  and the r e s u l t s  fo r  STS-1 are 
described i n  Ref. 13. These data are t h  presented
along w i t h  the best  estimated t ra jectorys9 f o r  use 
by researchers. 

ment under the DEX program; however, the present
funding const ra in ts  w i l l  be more of a factor  than 
j u s t  technica l  value i n  experiment se lec t i on  for  
the fu ture.  This  paper has attempted t o  show, 
however, t h a t  t he  present family o f  experiments w i l l  
provide a very substant ia l  add i t i on  t o  the body o f  
en t r y  f l i g h t  data, and use of t h i s  data base w i l l  
improve the design of f u tu re  space t ranspor tat ion 
systems. 

Many experiments have been proposed fo r  develop-

Concluding Remarks 

This paper has attempted t o  show how the OEX 
program w i l l  take advantage o f  the repeated o r b i t e r  
en t r i es  t o  provide a wealth of f l i g h t  data, w i t h  a 
minimum impact on o r b i t e r  operations. Combining 
body accelerat ions as measured by ACIP w i t h  a i r  data 
obtained by SEADS and SUMS, t he  aerodynamic per for -
mance o f  the vehic le  can be v e r i f i e d .  Such data may 
be compared t o  the g rea t  body o f  wind-tunnel data, 
npst  o f  which were obtained i n  a perfect  gas, t O  
improve the manner i n  which ground-based data are 
ext rapolated t o  hyperveloci ty f l i g h t .
SILTS w i l l  y i e l d  f u l l  i n f r a r e d  p i c tu res  o f  the 
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SUMS Shutt le Upper Atmosphere Langley 
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TGH Tile-Gap Heating h S 

Thermal Environment 

System 

Temperature Sensing 

Mass Spectrometer 

Instrumenta t  ion 

................................................... 
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Fig. 1 Ranges o f  sme important f l i g h t  parameters
encompassed by shut t le  o r b i t e r  entry. 

Fig. 2 Shutt le Entry A i r  Da ta  System (SEADS)
o r i f i c e  arrangement and location. 
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Fig.  3 Va r ia t i on  of  the stagnat ion p o i n t  pressure 
c o e f f i c i e n t  over the Mach number range
o f  o r b i t e r  entry.  Real-gas ef fects were 
considered a t  a l t i t u d e s  appropriate t o  
the expected en t r y  paths. 

ACCESSIBILITY VIA>HLEL-WELI 

Fig. 4 Arrangement of SUMS (Shu t t l e  Upper
Atmosphere Mass Spectrometer) i n  the 
o r b i t e r  nose. 

SILTS

'M 
GASEOUS NITROGEN COOLANT SUPPLY 

Fig. 5 Arrangement of S I L T S  (Shu t t l e  In f ra red  
Leeside Temperature Sensing) system
i n  pod on top of o r b i t e r  v e r t i c a l  
t a i l .  

FLOW e A 

TYPICAL THERMOCOLPLE 

GAP REGION 

Fig. 6 T i l e  Gap Heating (TGH) experiment 
arrangement. 
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JFig. 7 C a t a l y t i c  Surface Effects (CSC) locat ions on 
o r b i t e r .  
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