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1 . 3  HLLV SINGLE STAGE TO ORBIT (HTO/SSTO)-HIGH TECHNOLOGY ALTERNATE 

The HTO-SSTO i s  a most advanced concept  and ,  consequen t ly ,  a h i g h e r  
technology r i s k  o p t i o n .  T h i s  concept  a d a p t s  e x i s t i n g  and advanced commercial  
a n d / o r  m i l i t a r y  a i r  t r a n s p o r t  sys tem concep t s ,  o p e r a t i o n s  methods,  main tenance  
p rocedures ,  and cargo  h a n d l i n g  equipment .  The p r i n c i p a l  o p e r a t i o n a l  o b j e c t i v e  
i s  t o  p r o v i d e  economic,  r e l i a b l e  t r a n s p o r t a t i o n  of l a r g e  q u a n t i t i e s  of  material  
between e a r t h  and LEO a t  h i g h  f l i g h t  f r e q u e n c i e s  w i t h  r o u t i n e  l o g i s t i c s  opera
t i o n s  and minimal env i ronmen ta l  impact .  An a s s o c i a t e d  o p e r a t i o n a l  o b j e c t i v e  
is  t o  r educe  t h e  number of o p e r a t i o n s  r e q u i r e d  t o  t r a n s p o r t  mater ia l  and equip
ment f rom t h e i r  p l a c e  of manufac ture  on e a r t h  t o  low e a r t h  o r b i t .  (S ince  t h i s  
s t u d y  w a s  conducted under  company d i s c r e t i o n a r y  funds  and e x i s t i n g  computer 
programs,  some of t h e  u n i t s  i n  t ab . l e s  and f i g u r e s  have  n o t  been conve r t ed  t o  
t h e  m e t r i c  sys t em. )  

Some o f  t h e  key o p e r a t i o n a l  f e a t u r e s  are:  

S i n g l e  o r b i t  up/down f rom/ to  t h e  s a m e  l aunch  s i t e  ( a t  any l aunch  
azimuth s u b j e c t  t o  pay load / l aunch  azimuth match) 

Capable of o b t a i n i n g  e q u a t o r i a l  o r b i t  

Takeoff and l a n d  on s t a n d a r d  commercial  o r  m i l i t a r y  runways 

Simultaneous m u l t i p l e  launch  c a p a b i l i t y  

T o t a l  sys tem recove ry  

S e l f - f e r r y  c a p a b i l i t y  f rom manufac tu r ing  s i t e  t o  launch  s i t e  

Amenable t o  a l t e r n a t e  l a u n c h / l a n d i n g  s i tes  

I n c o r p o r a t e s  A i r  Fo rce  (C-5A Galaxy) and commercial  ( 7 4 7  ca rgo)  
payload  h a n d l i n g ,  i n c l u d i n g  r a i l ,  t r u c k ,  and cargo-sh ip  con
t a i n e r i z a t i o n  concep t s ,  modi f ied  t o  m e e t  s p a c e  environment  
r equ i r emen t s  

Swing-nose load ing /un load ing ,  p e r m i t t i n g  s t a n d a r d  a i r c r a f t  
l o a d i n g  concep t s  

Systems s e r v i c i n g  w i t h  e x i s t i n g  s u p p o r t  equipment on runway 
aprons  o r  s e r v i c e  hanga r s  

The HTO-SSTO u t i l i z e s  a t r i - d e l t a  f l y i n g  wing concep t ,  c o n s i s t i n g  of a 
m u l t i - c e l l  p r e s s u r e  vessel. The Whitcomb a i r f o i l  s e c t i o n  o f f e r s  an  e f f i c i e n t  
aerodynamic shape  f o r  o b t a i n i n g  a h i g h  p r o p e l l a n t  v o l u m e t r i c  e f f i c i e n c y .  LH2 
and LO2 t a n k s  a r e  l o c a t e d  i n  each wing n e a r  t h e  v e h i c l e  c . g . ,  and ex tend  from 
t h e  r o o t  r i b  t o  t h e  wing t i p ,  F i g u r e  1.3-1. I n  t h e  a f t  end of t h e  v e h i c l e ,  
t h r e e  LOXJLH:! h igh  Pc r o c k e t  eng ines  are  a t t a c h e d  w i t h  a double-cone t h r u s t  
s t r u c t u r e  t o  a two-ce l l  LH2 t a n k .  

Most of t h e  ca rgo  bay s i d e  w a l l s  are p rov ided  by t h e  r o o t - r i b  bulkhead of 
t h e  LH2 wing t ank .  The ca rgo  bay f l o o r  i s  des igned  s i m i l a r  t o  t h e  C-5A m i l i t a r y  
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t r a n s p o r t  a i r c r a f t .  The t o p  of t h e  c a r g o  bay i s  a mold-line e x t e n s i o n  of t h e  
wing upper c o n t o u r s ,  where in  t h e  frame i n n e r  caps  are a rched  t o  resist  p r e s s u r e .  
The forward end of t h e  ca rgo  bay p r o v i d e s  a c i r c u l a r  s e a l / l o c k i n g  mechanism 
t o  t h e  forebody.  Cargo i s  deployed i n  o r b i t  by swinging t h e  forebody t o  90 o r  
more deg rees  abou t  a v e r t i c a l  axis  and t r a n s f e r r i n g  ca rgo  from t h e  bay on te le
s c o p i n g  r a i l s .  

C R W  
COMPARTMENT 	 CARGO BAY 

91 ,WO KG PAYLOAD 
(200, WO LB) 

F i g u r e  1.3-1. HTO-SSTO 

-

G L O W  1.95 X IO6 TO 2.27-1 
(4.3 X IO6 T O  5.0 X 10 LBI  

AIRPORT RUNWAY TAKEOFF 
PARAChUTE RECOVERED LAUNCh GEAR,i 

WI NG-TIP 
LH- ULLAGE 

Design F e a t u r e s  

The forebody i s  an o g i v e  of r e v o l u t i o n  w i t h  a n  a f t  dome c l o s u r e .  The 
o g i v e  i s  d i v i d e d  h o r i z o n t a l l y  into two l e v e l s .  The upper l eve l  p r o v i d e s  s e a t 
i n g  f o r  crew and p a s s e n g e r s ,  as w e l l  as t h e  f l i g h t  deck. The lower compartment 
c o n t a i n s  e l e c t r o n i c ,  l i f e  s u p p o r t ,  power, and o t h e r  subsystems i n c l u d i n g  s p a r e  
l i f e  s u p p o r t  and emergency r e c o v e r y  equipment.  

Ten high-bypass ,  supersonic-turbofan/airturbo-exchanger/ramjet e n g i n e s  
w i t h  a combined s t a t i c  t h r u s t  of 6 . 6 8  MN a re  mounted under t h e  wing. The 
i n l e t s  a re  v a r i a b l e  area r e t r a c t a b l e  ramps t h a t  a l s o  c l o s e  and f a i r  t h e  bot tom 
i n t o  a smooth s u r f a c e  d u r i n g  rocket-powered f l i g h t  and f o r  h i g h  a n g l e - o f - a t t a c k  
b a l l i s t i c  r e e n t r y .  F i g u r e  1 . 3 - 2  is  a n  i n b o a r d  p r o f i l e  of t h e  v e h i c l e ,  i l l u s t r a 
t i n g  some of t h e  d e t a i l s  of v e h i c l e  c o n s t r u c t i o n .  

F i g u r e  1.3-3 p r e s e n t s  d e t a i l s  o f  t h e  m u l t i - c e l l  s t r u c t u r e  of t h e  wing. 
The upper f i g u r e  i l l u s t r a t e s  t h e  a p p l i c a t i o n  of  S h u t t l e - t y p e  R S I  t i l e  t h e r m a l  
p r o t e c t i o n  sys t em (TPS). The lower f i g u r e  shows a p o t e n t i a l  u t i l i z a t i o n  of a 
" m e t a l l i c "  TPS. 

The wing is  a n  i n t e g r a t e d  s t r u c t u r a l  sys t em c o n s i s t i n g  of a n  i n n e r  m u l t i 
c e l l  p r e s s u r e  vessel ,  a f o a m - f i l l e d  s t r u c t u r a l  c o r e ,  a n  i n n e r  f a c i n g  s h e e t ,  a 
p e r f o r a t e d  s t r u c t u r a l  honeycomb c o r e ,  and a n  o u t e r  f a c i n g  s h e e t .  The i n n e r  
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CREW 
COIAP&RTMENT c - D- / , . ::. /

ADV SPACE 
ENGINE 
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, W E  TVPE 
ENGIVE 
3 REO 

F i g u r e  1.3-2.  HTO-SSTO Inboard  P r o f i l e  

RSI TILE TPS 
OUTER FACING SHEET 

T K  TILE 
PERFORATED HONEYCOMB CORE 

I ' 3  \ u  u / u u--I I I J 1 I I I I I 1u1 11 1 I ]JI!1 l_l!L! 1111M
l/

1 1 I 
u U '  

I =.fa 

=2.00 
- 1  

I 
W I N G  TANK lNNER FACING SHEET 

HONEYCOMB CORE 

CELL ARCHED SHELL ' 
METALLIC TPS 

TRUSS CORE PANEL DOUBLE FLEXURE STANDOFF 

THERMAL INSULATION BLANKET 
(PROTECALOR METAL FOIL WRAPPED) 

F i g u r e  1.3-3. Wing Cons t ruc t ion  Detai l  w i t h  Candida te  
TPS C o n f i g u r a t i o n s  
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m u l t i - c e l l  p r e s s u r e  v e s s e l  a r ched  s h e l l  and webs are conf igu red  t o  resist 
p r e s s u r e .  The p r e s s u r e  vessel and t h e  two f a c i n g  s h e e t s ,  which are s t r u c t u r a l l y  
i n t e r c o n n e c t e d  w i t h  phenol ic- impregnated g l a s s  f i b e r ,  honeycomb c o r e ,  resist 
wing spanwise  and chordwise  bending  moments. C e l l  webs react w i n g l i f t  s h e a r  
f o r c e s .  Tor s ion  i s  r e a c t e d  by t h e  p r e s s u r e  v e s s e l  and t h e  two f a c i n g  s h e e t s  
as a mult i -box wing s t r u c t u r e .  

The o u t e r  honeycomb c o r e  i s  p e r f o r a t e d  and p a r t i t i o n e d  t o  p rov ide  a con
t r o l l e d  passage ,  pu rge ,  and gas - l eak  d e t e c t i o n  sys tem i n  a d d i t i o n  t o  t h e  
f u n c t i o n  of  s t r u c t u r a l  i n t e r c o n n e c t  of t h e  i n n e r  and o u t e r  f a c i n g  s h e e t s .  

The proposed m u l t i - c y c l e  a i r b r e a t h i n g  eng ine  sys tem,  F i g u r e  1 .3 -4 ,  is 
d e r i v e d  from t h e  Genera l  E l e c t r i c  CJ805 a i r c r a f t  eng ine ,  t h e  P r a t t  and Whitney 
SWAT-201 s u p e r s o n i c  wraparound t u r b o f a n / r a m j e t  eng ine ,  t h e  A e r o j e t  A i r  Turbo-
r o c k e t ,  Marquardt v a r i a b l e  p lug-nozz le ,  ramjet eng ine  technology,  and Rocketdyne 
tubu la r - coo led ,  
c y c l e  eng ine  of 
p r o  gram. 

TURBOJET 
COMBUSTION 

.-.,"-.,. . 
COMPRESSOR, \ 

6-

TURBOJEl 2 
SHUTOFF 
VALVE 

high-Pc r o c k e t  eng ine  technology.  The development of a mul t i 
t h i s  t y p e  would r e q u i r e  a most ambi t ious  technology advancement 

TURBOJET 

TURBINE AIRTURBO EXCHANGER M A N I F O L D  

CoMPRESSOR / (LH2 R A N K I N E  CYCLE) 

DRIVE I 


FREE-TURBI NflA N  
ASSEMBLY I n  I 1 i l  I , . -I ! ' ' 

1 / / / 

D E S I G N  P O I N T  ORBITAL FLIGHT 
AIR INLET CLOSED 

n 

-

D E S I G N  POINT MACH 6 (loO,aX,FT) 

D E S I G N  P O I N T  TAKEOFF 
AIR INLET OPEN 

PLUG N O Z Z L E  SUPPORT 

REGENERATIVELY 
C O O L E D  C H M E I  

0 EXTERNAL VALVES, P L U M I N G ,  AND 
PUMPS NOT SHOWN 

F i g u r e  1.3-4.  Mult i -Cycle  A i r b r e a t h i n g  Engine and I n l e t ,  
TurbofanIAir-TurboexchangerIRamjet 


The multi-mode power c y c l e s  i n c l u d e :  a n  a f t - f a n  t u r b o f a n  c y c l e ,  a n  LH2 
r e g e n e r a t i v e  Rankine a i r - tu rboexchanger  c y c l e ;  and a ramjet c y c l e  t h a t  can a l s o  
b e  used as a f u l l - f l o w  ( t u r b o j e t  c o r e  and f a n  bypass  f low)  thrust-augmented 
t u r b o f a n  c y c l e .  These f o u r  the rma l  c y c l e s  may receive f u e l  i n  any combina t ion  
p e r m i t t i n g  h i g h  e n g i n e  performance ove r  a f l i g h t  p r o f i l e  from s e a - l e v e l  t a k e o f f  
t o  Mach 6 a t  30-km a l t i t u d e .  
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The eng ine  a i r  i n l e t  and duc t  sys tem is  based  on a f ive-ramp v a r i a b l e  
i n l e t  sys tem w i t h  a c t u a t o r s  t o  p r o v i d e  ramp movement f rom f u l l y  c l o s e d  (upper  
RH f i g u r e )  f o r  rocket-powered and r e e n t r y  f l - i g h t ,  t o  . f u l l y  open ( lower  RH f i g 
u r e )  f o r  t a k e o f f  and low a l t i t u d e / M a c h  number o p e r a t i o n .  

The . i n l e t  area w a s  de te rmined  by t h e  eng ine  a i r f l o w  r e q u i r e d  a t  t h e  
Mach 6 d e s i g n  p o i n t .  The c o n f i g u r a t i o n  r e q u i r e d  6.68  MN t h r u s t  a t  the 
Mach 6 c o n d i t i o n ,  and a t  l eas t  5.8 MN f o r  t a k e o f f .  T h i s  r e s u l t e d  i n  a n  
i n l e t  a r e a  of approx imte ly  10 .5  rn2 f o r  a 10-engine c o n f i g u r a t i o n .  I n  o r d e r  t o  
p r o v i d e  p r e s s u r e  r ecove ry  w i t h  minimum s p i l l a g e  d r a g  ove r  t h e  wide r ange  of 
Mach numbers, t h e  v a r i a b l e  multi-ramp i n l e t  i s  r e q u i r e d .  Es t ima ted  eng ine  
t h r u s t  ( t o t a l  of 10 e n g i n e s )  vs. v e l o c i t y  i s  g iven  i n  F i g u r e  1.3-5 i n  pounds. 

2,500,000 
% 

32p00,000 -d 

c 


500,000 

0
*1 l b  = 4.45 pi 0 1 2 3 4 5 6 1 

MACH N U M B E R  

F i g u r e  1.3-5. A i r b r e a t h e r  Thrus t  
V s .  Mach Number 

Es t imated  aerodynamic c o e f f i c i e n t s  and maximum l i f t / d r a g ,  l i f t  c o e f f i c i 
e n t s ,  and ang le -o f -a t t ack  d a t a  are  p r e s e n t e d  i n  F i g u r e s  1.3-6 and 1 .3-7 .  

The SSTO uses  a i r c r a f t - t y p e  f l i g h t  from a i r p o r t  t a k e o f f  t o  approx ima te ly  
Mach 6 ,  w i t h  a p a r a l l e l  burn  t r a n s i t i o n  of a i r b r e a t h e r  and r o c k e t  eng ines  from 
Mach 6 t o  7 . 2 ,  and rocke t -only  burn  from Mach 7 . 2  t o  o r b i t .  F i g u r e  1.3-8 
i l l u s t r a t e s  a t y p i c a l  t r a j e c t o r y  from KSC t o  an e q u a t o r i a l  e a r t h  o r b i t .  The 
pr ime e lements  of t h e  t r a j e c t o r y  are  d e s c r i b e d  below: 

Runway t a k e o f f  under  high-bypass  t u r b o f a n l a i r t u r b o  exchanger  
(ATE) /ramjet power 

J e t t i s o n  and p a r a c h u t e  r ecove ry  of launch  g e a r  

Climb t o  c r u i s e  a l t i t u d e  w i t h  t u r b o f a n  power 

C r u i s e  a t  optimum a l t i t u d e ,  Mach number, and d i r e c t i o n  v e c t o r  
t o  e a r t h ' s  e q u a t o r i a l  p l a n e ,  u s i n g  t u r b o f a n  power 

Execute  a l a r g e - r a d i u s  t u r n  i n t o  t h e  e q u a t o r i a l  p l a n e  s t i l l  
under  t u r b o f a n  power 
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Figure 1.3-6. Aerodynamic Coefficients 
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Figure 1.3-7. Maximum LiftfDrag 
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1 . 0  & CLIMB TO 

F i g u r e  1.3-8. SSTO T r a j e c t o r y  

Climb s u b s o n i c a l l y  a t  optimum cl imb a n g l e  and v e l o c i t y  t o  an  
optimum a l t i t u d e ,  u s i n g  h i g h  bypass  turbofan/ATE/ramjet  power 

Per form p i t c h o v e r  i n t o  a n e a r l y  cons tan t -energy  ( s h a l l o w  
y-angle)  d i v e  and acce lera te  through t h e  t r a n s o n i c  r e g i o n  t o  
approximate ly  Mach 1 . 2 ,  u s i n g  t o r b o f a n / r a m j e t  power 

Execute  a long- rad ius  p i tch-up  t o  an  optimum s u p e r s o n i c  
c l imb f l i g h t  p a t h ,  u s i n g  turbofan/ATE/ramjet  power 

Climb t o  approximate ly  29 km (95  K f t )  a l t i t u d e  and 1900 m/s 
(6200 f p s )  v e l o c i t y ,  a t  optimum f l i g h t  p a t h  a n g l e  and vel
o c i t y ,  u s i n g  p r o p o r t i o n a l  fue l - f low t h r o t t l i n g  from t u r b o f a n /  
A T E / r a m j e t ,  o r  f u l l  r a m j e t ,  as r e q u i r e d  t o  maximize t o t a l  
energy a c q u i r e d  p e r  u n i t  m a s s  of f u e l  consumed as f u n c t i o n  
of v e l o c i t y  and a l t i t u d e  

I g n i t e  r o c k e t  e n g i n e s  t o  f u l l  r e q u i r e d  t h r u s t  l e v e l  a t  1900 m p s  
and p a r a l l e l  burn  t o  2200 mps 

Shut  down a i r b r e a t h e r  e n g i n e s  w h i l e  c l o s i n g  a i r b r e a t h e r  i n l e t  
ramps 

Continue r o c k e t  power a t  f u l l  t h r u s t  

I n s e r t  i n t o  a n  e q u a t o r i a l  e l l i p t i c a l  o r b i t  91x556 k m  (50x300 nmi) 

Shut  down r o c k e t  e n g i n e s  and e x e c u t e  a Hohmann t r a n s f e r  t o  
556 km (300 nmi) 

C i r c u l a r i z e  Hohmann t r a n s f e r  
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The r e e n t r y  t r a j e c t o r y  i s  c h a r a c t e r i z e d  by l o w Y ( f 1 i g h t  p a t h  a n g l e ) ,  h i g h  
a ( a n g l e  of a t t a c k )  s i m i l a r  t o  S h u t t l e .  The main r e e n t r y  e lements  are: 

Perform d e l t a  v e l o c i t y  maneuver and i n s e r t  i n t o  an  e q u a t o r i a l  
e l l i p t i c a l  o r b i t  

Perform a low-y, high-a d e c e l e r a t i o n  t o  approximate ly  Mach 6 .0  

Reduce a t o  maximum l i f t / d r a g  f o r  h i g h - v e l o c i t y  g l i d e  and 
cross - range  maneuvers t o  s u b s o n i c  v e l o c i t y  (approximate ly  
Mach 0.85) 

Open i n l e t s  and start  a i r b r e a t h e r  eng ines  

Perform powered f l i g h t  t o  l a n d i n g  f i e l d ,  l a n d ,  and t a x i  t o  dock 

Ascent and d e s c e n t  t r a j e c t o r i e s  of t h e  SSTO and Space S h u t t l e  m i s s i o n s  a re  
compared i n  F igu re  1.3-9. Because t h e  performance of a i r b r e a t h i n g  eng ines  and 
t h e  aerodynamic l i f t  of t h e  winged v e h i c l e  depend on a h i g h  dynamic p r e s s u r e ,  
t h e  SSTO f l i e s  a t  much lower a l t i t u d e  d u r i n g  t h e  powered cl imb t h a n  t h e  v e r t i 
c a l  a s c e n t  t r a j e c t o r y  of  t h e  Space S h u t t l e  f o r  a g iven  f l i g h t  v e l o c i t y .  L igh t  
wing l o a d i n g  of t h e  SSTO c o n t r i b u t e s  t o  t h e  r a p i d  d e c e l e r a t i o n  d u r i n g  d e o r b i t .  

(A) ALTITUDE VS VELOCITY I (B) ALTITUDE V5 TOTAL ENTHALPHY FLUX 

3oop	

'/ 
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V x 1 6  F l h E C  (PV~/ZJ 1 0 4  BTU/FT~ - SEC 
F i g u r e  1.3-9. Ascent  and Descent  T r a j e c t o r y  Comparisons 

The t o t a l  e n t h a l p y  f l u x  h i s t o r i e s  which i n d i c a t e  t h e  s e v e r i t y  of  expec ted  
aerodynamic h e a t i n g  are a l s o  shown i n  F i g u r e  1.3-9.  A s  expec ted ,  t h e  aero
dynamic h e a t i n g  of a s c e n t  t r a j e c t o r y  may d e s i g n  t h e  SSTO TPS requ i r emen t .  The 
maximum t o t a l  e n t h a l p y  f l u x  i s  e s t i m a t e d  n e a r  t h e  end of a i r b r e a t h e r  power 
c l imb t r a j e c t o r y .  Except  i n  t h e  v i c i n i t y  of  v e h i c l e  n o s e ,  wing l e a d i n g  edge,  
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o r  s t r u c t u r a l  p r o t u b e r a n c e s ,  where i n t e r f e r e n c e  h e a t i n g  may e x i s t ,  most of t h e  
a s c e n t  h e a t i n g  i s  from t h e  f r i c t i o n a l  f l ow h e a t i n g  on t h e  r e l a t i v e l y  smooth 
f l a t  s u r f a c e .  

The d e s c e n t  h e a t i n g  i s  mainly produced by t h e  compressive f low on t h e  
v e h i c l e  windward s u r f a c e  d u r i n g  t h e  h i g h  a n g l e - o f - a t t a c k  r e e n t r y ,  and i s  
expec ted  t o  b e  lower t h a n  t h e  Space S h u t t l e  r e e n t r y  h e a t i n g .  

For t h e  wing lower s u r f a c e s ,  h e a t i n g  ra tes  w e r e  computed i n c l u d i n g  t h e  
chordwise v a r i a t i o n  of  l o c a l  f l o w  p r o p e r t i e s .  E f f e c t s  of l e a d i n g  edge shock 
and a n g l e  of a t t a c k  w e r e  i n c l u d e d  i n  t h e  l o c a l  f l o w  p r o p e r t y  e v a l u a t i o n .  
Leading edge s t a g n a t i o n  h e a t i n g  r a t e s  w e r e  based on t h e  f low c o n d i t i o n s  normal 
t o  t h e  l e a d i n g  edge ,  n e g l e c t i n g  c ros s - f low e f f e c t s .  A l l  computat ions w e r e  per
formed u s i n g  i d e a l  gas  thermodynamic p r o p e r t i e s .  

Wing uppe r - su r face  h e a t i n g  ra tes  w e r e  computed u s i n g  f r e e - s t r e a m  f low 
p r o p e r t i e s ,  i . e . ,  n e g l e c t i n g  chordwise v a r i a t i o n s  of f l o w  p r o p e r t i e s .  Heat ing 
ra tes  w e r e  computed f o r  several  p r e s c r i b e d  w a l l  t e m p e r a t u r e s  as w e l l  as t h e  
r e r a d i a t i o n  e q u i l i b r i u m  w a l l  t e m p e r a t u r e  c o n d i t i o n .  T r a n s i t i o n  from l amina r  
t o  t u r b u l e n t  f l ow w a s  t a k e n  i n t o  accoun t  i n  t h e  computa t ions .  Wing/body and 
i n l e t  i n t e r f e r e n c e  h e a t i n g  e f f e c t s  w e r e  n o t  i n c l u d e d  i n  t h i s  p r e l i m i n a r y  ana l 
y s i s .  The a n a l y s i s  w a s  l i m i t e d  t o  t h e  a s c e n t  t r a j e c t o r y ,  s i n c e  t h e  d e s c e n t  
t r a j e c t o r y  i s  thermodynamically less  s e v e r e .  

I so the rms  of t h e  peak s u r f a c e  t empera tu res  f o r  upper  and lower s u r f a c e s  
( e x c l u d i n g  eng ine  i n l e t  i n t e r f e r e n c e e f f e c t s )  f o r  t h e  SSTO and t h e  STS o r b i t e r  
are shown i n  F i g u r e  1.3-10. Leading edge and upper-wing s u r f a c e  t empera tu res  
have s i m i l a r  p r o f i l e s .  The SSTO lower - su r face  t e m p e r a t u r e s  are  from 400°F t o  
600°F lower than  t h e  o r b i t e r  due t o  lower r e e n t r y  wing l o a d i n g  ( 2 3  v s .  67 p s f ) .  

P r e l i m i n a r y  d a t a  i n d i c a t e  t h a t  t h e  t i t a n i u m  a l u m i n i d e  system (F igure  1.3-3) 
may b e  l i g h t e r  t h a n  t h e  RSI t i l e  f o r  t h e  SSTO TPS sys t em due t o  t h e  lower aver
age t e m p e r a t u r e  (1000'F t o  1600°F) p r o f i l e s  o c c u r r i n g  o v e r  80% of t h e  v e h i c l e  
e x t e r i o r  s u r f a c e .  The m e t a l l i c  t r u s s  c o r e  sandwich s t r u c t u r e  i s  s i m i l a r  t o  
t h a t  developed f o r  t h e  B - 1  bomber. The r a d i a t i v e  s u r f a c e  p a n e l  c o n s i s t s  of a 
t r u s s  c o r e  sandwich s t r u c t u r e  f a b r i c a t e d  by s u p e r p l a s t i c / d i f f u s i o n  bonding. 
For t empera tu res  up t o 1 5 0 0 / 1 6 0 O 0 F , t h e  concept  u t i l i z e s  a n  a l l o y  based on t h e  
titanium-aluminum systems which show promise f o r  h igh - t empera tu re  a p p l i c a t i o n s  
c u r r e n t l y  under development.  For t empera tu res  h i g h e r  t h a n  1500/1600"F, i t  is  
a n t i c i p a t e d  t h a t  t h e  d i s p e r s i o n - s t r e n g t h e n e d  s u p e r a l l o y s  c u r r e n t l y  b e i n g  
developed f o r  u s e  i n  gas  t u r b i n e  eng ines  may be  a p p l i c a b l e .  F l e x i b l e  s u p p o r t s  
are des igned  t o  accommodate l o n g i t u d i n a l  t h e r m a l  expans ion  w h i l e  r e t a i n i n g  
s u f f i c i e n t  s t i f f n e s s  t o  t r a n s m i t  s u r f a c e  p r e s s u r e  l o a d s  t o  t h e  pr imary s t r u c t u r e .  
A l s o  prominent are  expans ion  j o i n t s  which must abso rb  l o n g i t u d i n a l  t he rma l  
growth of t h e  r a d i a t i v e  s u r f a c e ,  and s i m u l t a n e o u s l y  p r e v e n t  t h e  i n g r e s s  of h o t  
boundary l a y e r  gases  t o  t h e  p a n e l  i n t e r i o r .  The i n s u l a t i o n  c o n s i s t s  of f l e x 
i b l e  the rma l  b l a n k e t s ,  o f t e n  e n c a p s u l a t e d  i n  f o i l  ma te r i a l  t o  p r e v e n t  m o i s t u r e  
a b s o r p t i o n .  The i n s u l a t i o n  p r o t e c t s  t h e  pr imary l o a d - c a r r y i n g  s t r u c t u r e  from 
t h e  h i g h  e x t e r n a l  t e m p e r a t u r e .  

Unit  masses of t h e  SSTO TPS concept  are  compared w i t h  t h e  u n i t  m a s s  of t h e  
STS o r b i t e r  RSI i n  F i g u r e  1.3-11. The u n i t  m a s s  of t h e  RSI i n c l u d e s  t h e  t i l e s ,  
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t h e  s t r a i n  i s o l a t o r  pad ,  and bonding m a t e r i a l .  The ha tched  r e g i o n  shown f o r  
t h e  R S I  mass i s  i n d i c a t i v e  of i n s u l a t i o n  t h i c k n e s s  v a r i a t i o n s  n e c e s s a r y  t o  
m a i n t a i n  mold l i n e  over  t h e  bot tom s u r f a c e  of t h e  STS o r b i t e r .  The R S I  i s  
r e q u i r e d  t o  p reven t  t h e  pr imary  s t r u c t u r e  t e m p e r a t u r e  f rom exceeding  350°F. 
The u n i t  masses of  t h e  m e t a l l i c  TPS are p l o t t e d  a t  t h e i r  co r re spond ing  maximum 
u s e  t e m p e r a t u r e s .  The advanced d e s i g n s  are s e e n  t o  b e  c o m p e t i t i v e  w i t h  t h e  
d i r e c t l y  bonded R S I .  

SSTO m a s s  p r o p e r t i e s  are dominated by t h e  t r i - d e l t a  wing s t r u c t u r e ,  t h e  
t h e r m a l  p r o t e c t i o n  sys tem,  and t h e  a i r b r e a t h e r  and r o c k e t  p r o p u l s i o n  sys tem.  
Es t ima ted  v e h i c l e  w e i g h t s  d a t a  are p r e s e n t e d  i n  T a b l e  1.3-1. 

Tab le  1.3-1. 

I t e m  D e s c r i p t i o n  

Air f rame,  a e r o s u r f a c e s ,  
and TPS 

Landing g e a r  
Rocket p r o p u l s i o n  
Airb  r eath e r  p r  opu l s  i o n  
RCS p r o p u l s i o n  
OMS p r o p u l s i o n  
Other  sys tems 

S u b t o t a l  
Growth (10%) 

SSTO Weight Summary 

Weight (lo3kg) 

t a n k s  
167.8 

1 2 . 3  
32.5 
63.5 

4.5 
2 .3  

17 .2  

300.4 
30.0 

T o t a l  i n e r t  weight  (d ry )  330.4 
Use fu l  l o a d  ( f l u i d ,  reserves, e t c . )  21.5 

I n e r t  weight  and u s e f u l  l o a d  351.9 
Payload weight  89.2 

O r b i t a l  i n s e r t i o n  weight  441.1 
P r o p e l l a n t  a s c e n t  1826.9 

GLOW (pos t - j  e t t .  l aunch  g e a r )  2268.0 

Again,  i t  i s  emphasized t h a t  t h e  SSTO concept  r e p r e s e n t s  a most advanced 
technology o p t i o n  and c o n s i d e r a b l e  f u r t h e r  a n a l y s e s  are r e q u i r e d  t o  demons t r a t e  
v i a b i l i t y  of concept  and d e f i n i t i o n  of a much advanced technology program. 

1 . 4  SMALL VTO/HL HLLV CONCEPTS (PREFERRED ALTERNATE CONCEPTS) 

The pr imary  d r i v e r  i n  e s t a b l i s h i n g  HLLV requ i r emen t s  i s  t h e  t i m e l y  d e l i v e r y  
of c o n s t r u c t i o n  mater ia l  t o  LEO; t h u s  t h e  payload  magnitude becomes a major  
d e s i g n  pa rame te r .  The present -day  use  of t h e  t e r m  "heavy l i f t "  c o n n o t a t e s  a 
launch  sys tem w i t h  a payload  c a p a b i l i t y  s u b s t a n t i a l l y  g r e a t e r  t h a n  t h e  30 metr ic  
t o n s  of t h e  Space S h u t t l e .  A ' ' s m a l l ' l  h e a v y - l i f t  sys tem is  a l a r g e  v e h i c l e ;  t h e  
t e r m  "small"  is compara t ive  t o  t h e  v e r y  l a r g e  SPS r e f e r e n c e  system. While 
reduced  HLLV s i z e  would pe rmi t  u s e  of t h e  a l r e a d y  developed SSME w i t h  appropr i 
a te  m o d i f i c a t i o n s  t o  p r o v i d e  l o n g e r  l i f e ,  t h i s  i n  t u r n  i n c u r s a n i n c r e a s e d  number 
of f l i g h t s  t o  d e l i v e r  an e q u i v a l e n t  m a s s  t o  o r b i t .  I n  a d d i t i o n ,  VTO/HL v e h i c l e  
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