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The f u t u r e  OTV requ i rements  d e f i n e d  i n  f i g u r e  1 d i c t a t e  t h e  need f o r  a h i g h l y  
v e r s a t i l e ,  h i g h l y  r e l i a b l e ,  r e u s a b l e  p r o p u l s i o n  module. A e r o j e t ' s  eng ine des lgn  
approach ( f i g .  2 )  w i l l  p r o v i d e  a  t o t a l  t h r u s t  c a p a b i l i t y  o f  500 t o  18 000 I b F ,  u s i n g  
one t o  s i x  c o n t i n u o u s l y  t h r o t t l e a b l e  eng ines.  The s e l e c t i o n  o f  a  nomina l  t h r u s t  
l e v e l  o f  3000 l b F  b e s t  f u l f i l l s  t h e  o v e r a l l  OTV requ i rements  w i t h  a  s i n g l e  p r o p u l s + o ~ a  
system. 

I n  o r d e r  t o  a t t a i n  maximum o p e r a t i o n a l  economy, space-basing w i l l  be essential. 
T h i s  r e q u i r e s  a  reausab le ,  ma in tenance- f ree  eng ine.  The desSgn f e a t u r e s  o f  t h i s  
space-based eng ine  a r e  d e f i n e d  i n  f i g u r e  3. 

A new eng lne  c y c l e  and i t s  advantages,  shown i n  f i g u r e  4, a l l o w  a71 t h e  main- 
tenance goa ls  o f  f i g u r e  3  t o  be a t t a i n e d .  Rubbing c o n t a c t  and i n t e r p r l o g e l l a n t  s e a l s  
and purges,  e t c . ,  a r e  e l i m i n a t e d  when GO2 i s  used t o  d r i v e  t h e  LO2 pump, as shown 
i n  f i g u r e  5. The TPA d e s i g n  shown has o n l y  one moving p a r t .  

The use o f  b o t h  GH2 and GO2 t o  d r i v e  t h e  t u r b i n e s  lowers  t h e  t u r b i n e  t empe r -  
a t u r e s  t o  t h e  va lues shown i n  f i g u r e  6. I n  a d d i t i o n ,  l ower  GH2 temperatures  and 
p ressures  a l l o w  improved chamber c o o l i n g  and l o n g e r  l i f e .  

The use of  GO2 as a  t u r b i n e  d r l v e  f l u i d ,  even a t  t h e  low  tempera tu re  of 400" F ,  
i s  a  concern which i s  b e i n g  addressed th rough  e x t e n s i v e  m a t e r i a l s  t e s t i n g .  F r i c t i o n  
r u b b i n g  and aluminum p a r t i c l e  impac t  t e s t  r e s u l t s  ( f i g .  7 )  i n d i c a t e  t h a t  p roper  
s e l e c t i o n  o f  m a t e r i a l s  can e l i m i n a t e  t h e  meta ls  i g n i t i o n  exper ienced i n  t h e  p a s t .  
S t a i n l e s s  s t e e l  a l l o y s  a r e  a  n o t a b l y  poor  c h o i c e  f o r  oxygen s e r v i c e .  

Space-based engines w i l l  r e q u i r e  an i n t e g r a t e d  c o n t r o l  and h e a l t h  m o n i t o r i n g  
system ( f i g .  8) t o  improve system r e l i a b i l i t y  and e l i m i n a t e  a l l  scheduled maintenance. 

Engine l e n g t h  i s  a  ma jo r  c o n s i d e r a t i o n  when a e r o - a s s i s t  r e t u r n  froin G E O  I s  
employed. Examples o f  t h e  impor tance  o f  l e n g t h  a r e  shown i n  f i g u r e s  9 t o  72. 

F i g u r e s  13  and 14  show t h a t  t h e  use o f  m u l t i p l e  engines has o n l y  m i n o r  i m p a c t  on 
t o t a l  p r o p u l s i o n  system w e i g h t .  

The i s s u e s  a s s o c i a t e d  w i t h  low-6 t r a n s f e r s  a r e  p resen ted  i n  f i g u r e s  1 5  t o  17, 
S i g n i f i c a n t  per formance l o s s e s  w i l l  deve lop when a  s i n g l e  1 5  000 1bF eng ine i s  oper 
a t e d  a t  500 t o  1000 1bF. A lso,  t h e  optimum m i x t u r e  r a t i o  s h i f t s  t o  t h e  f u e l - r l c h  
d i r e c t i o n  d u r i n g  t h r o t t l i n g .  T h i s ,  i n  t u r n ,  i nc reases  s tage  volume and d r y  w e i g h t .  
F i g u r e  17 i n d i c a t e s  t h e  r e l a t i v e  per formance b e n e f i t  o f  one o r  two 3000 I b F  eng ine5  
opera ted  a t  reduced t h r u s t  i n  compar ison t o  one o r  two 15 000 1bF engines operating a t  
t h e  same t h r u s t  l e v e l .  F i g u r e  17 a l s o  demonstrates t h a t  t h e  i n s t a l l a t i o n  o f  t h r e e  o f  
f o u r  s m a l l e r  engines versus two 1 5  000 I b F  engines f o r  a  f a i l - o p e r a t i o n ( i 1  c a p a i b i l i t y  
always r e s u l t s  i n  h i g h e r  per formance d u r i n g  nominal  o p e r a t i o n .  

The s u p e r i o r i t y  o f  m u l t i p l e  engines f o r  m i s s i o n  success and man r a t i n g  i s  shown 
i n  f i g u r e s  18  and 19. 

F i g u r e  20 summarizes t h e  advantages o f  t h e  A e r o j e t  3000 I b F  t h r u s t  eng lne  d e s i g n  
concept,  wh ich i s  shown i n  f i g u r e  21. Photographs o f  t e s t  hardware t h a t  c l o s e l y  par--  
a l l e l s  t h e  des igns  and techno logy  r e q u i r e d  f o r  t h i s  eng ine a r e  shown i n  F i g u r e s  22 t c  
24. 

A e r o j e t  b e l i e v e s  t h a t  a l l  OTV p r o p u l s i o n  requ i rements  can be f u l f i l l e d  w i t h  a 
s i n g l e  eng ine.  Our program i s  des igned t o  deve lop t h e  t e c h n o l o g i e s  r e q u i r e d  Po 
demonst ra te  t h a t  eng ine.  



ADVANCED OTV REQU REMENTS 

@ SPACE-BASING 

@ AERO-ASSIST 

@ LOW G TRANSFERS 

@ MANNED MISSIONS 

@ LOW COST PAYLOAD DELIVERY 

Figure 1 

AEWQJET'S NEW CORE 
NE CAN 

3000 BbF THRUST MODULES 

THRUST SELECTIVITY: 
200-1 8,008 I bF 

Figure 2 
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NEW FEATURES ENABLE 
SPACE-BAS 

@ NON-WEARING SEALS AND 
BEARINGS 7 

@ NO INTERPROPELLANT 
SEALS OR PURGES 

@ NO GEAR BOXES 

@ LOWER OPERATIONAL 
TEMPERATURES 

@ INTEGRATED WEALTH 
MONITORS 

REUSEABILITV 

NO 
MAINTENANCE 

@ SPACE-REPLACEABLE 
UNITS 
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DUAL PROPELLANT 
EXPANDER CYCLE DEL 

@ LOWER OPERATING TEMPERATURES 

@ CONTINUOUS THROTTLING 

@ SMOOTH STARTS 

@ LESS WEAR 

@ LONGER LIFE 

F i g u r e  4 
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OXIDIZER PUMP ZERO 
MAINTENANCE 

LO2 
+ 

o GONTACTlNG BEARINGS 

o INTERPROPELLANT SHAFT 
SEALS 

@ VENTED CAVITIES 

@ INTERPROPELLANT PURGES 

1 0 2  
@ CRITICAL SPEED TRANSlTlOM 

e @ 602 
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LOW TEMPERATURES Y 
EATER MARG 

@ "TURBINE TEMPERATURE $00" F 

@ THR8AT TEMPERATURE 600" F 

@ RADIATION SKIRT TEMPERATURE <2000° F 
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Burn Factor Provides A Ranking Criterion For The 
Selection Of Materials For High Pressure, Gaseoes!; 

Oxygen Applications 

MATERIAL 

Zr Cu 

NICKEL 200 

SILICON CARBIDE 

MONEL 400 

K MONEL 500 

INCONEL 600 

316 STAINLESS STEEL 

INVAR 

HASTELLOY X 

BURN 
FACTOR 

35 

550 

11 45 

1390 

2090 

3226 

4515 

5444 

71 60 

OBSERVATIONS - . - - - 

NO IGNITION IN ANY TESTS > (790/180OCF)* 

NO IGNITION WITHIN EXPERIMENTAL RANGE (825/2200° F j  

NO IGNITION IN LIMITED TESTING 

IGNITION ABOVE 1200°F FRT ONLY (800/1200cl~) 

IGNITION ABOVE I500 FRT (750/1500°F) 

IGNITION ABOVE 1100 (-/110O0F) 

IGNITION IN ALL TESTS (4501800°F) 

IGNITION IN ALL TESTS (675/34OoF) 

IGNITION IN ALL TESTS (7251750°F) 

'(TEMPERATURES FROM PARTICLE lNPlNGEMENTTEST/FRICTlON RUBBING TEST. ( F R T ) )  
- - - 

'FRT AT 1000 PSI 17,000 RPM 
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NTEGRATED CONTROL AND 
HEALTH MON 

' @ CLOSED LOOP CONTROL 

@ DATA COLLECTlON AND ANALYSIS; 

@ DATA FEEDBACK TO CONTROLLEFI 
(I, PEAK PERFORMANCE 
FAILURE PREVENTION 

, @ LlFE PROJECTION 

\ ( REDUCES OPERATIONAL COST 

F i g u r e  8 
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SMALL EN 
AERO-ASS T CONCEPTS 

SHORTER ENGINES ARE PREFERRED 

IDLE MODE OPERATION MAY BE 
REQUIRED 

F i g u r e  9 

EQUAL PERFORMANCE 
SMALLER PACKAGE 

THRUST, IbF 

AREA RATIO 
IbF-sec 

Isp Ibrn 
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LENGTH CAL FOR A 
AEROMAN G CONCEPbTS 

FOUR 
300CB IbF 
ENCiINES 

1 AEROBIRAKE: 
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MUM LENGTH AOTV 

DROP TANK 
INTERFACE / ENGINE 

STOWED 
FLAP 

DEPLOYED ' 
FLAP 
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MULTIPLE ENGINES ALSO PROVIDE 
BOUNDARY LAYER CONTROL AND BOW 

SHOCK SKEWING 

Figure 1 3  

MAXIMUM WEIGHT DIFFERENCE FOR 
6 ENGINES = 135 POUNDS 

2000 t --L FILL, DRAIN, 
& V E N T  

3000 

2500 

PROPULSION 
SYSTEM PRESSURIZATION 
WEIGHT (LBI  

ABORT DUMP 

7 

- 
PROPELLANT FEED 

INSULATION 
&PURGE 

A 

PROPELLANT TANKS 
/ & SUPPORTS 

1- 
O 1 2 3 4 5 6  

NUMBER OF ENGINES 

Figure 1 4  
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FOR LOW G TRANSFERS 
LOWER THRUST ENG NES OFFER 

@ SMALLER SIZE 

@ LOWER WEIGHT 

@ HIGHER PERFORMANCE 

@ SlNGLE OR DUAL ENGINES 

@ THRUST SELECTIVITY 200 TO 3000 IbF 

Figure 1 5  

HIGH OPERATING 
PRESSURE 

L O W E R  
PROPELLANT VOL14ME 
HIGHER PERFORMiAN(2E 

/ 
/ 

/ PC = 2000 

1 PSIA 
/ 

OPTIMUM O/F --y/ 
/ PC = 500 FOS1.A 

Figure 1 6  



3000 LB THRUST MODULES 
ELD H GHER PERFORMANCE 

1 OoO1O 

(TWO) 15,000 ibF 

L3000 IbF MODULES 

3k 6~ 9K I ~ K  15K 1 8 ~  
THRUST. IbF 

v v V 

LOW G SMALL MANNED 
PAY LOADS PC = 20630 PSI 

AT FULL THRUST 

F i g u r e  7 7  

MULT PLE ENG NES REQU 
FOR MANNED M 

@ MULTIPLE ENGINES = @ ENGINE-OUT CAPABILITY 

@ MISSION SUCCESS 

@ MllNlMlZES COMPONENT 
REDUNDANCY 

@ MlNlMlZES DEPENDENCE 
ON HEALTH MONITOR 
SYSTEM 
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MULTIPLE ENGINES ENHANCE 
MISSION SUCCESS AND CREW 

SAFETY 

MISSION LOSSES 

VEI3ICL.E AND 
CREW LOSSES 

LOSSES11 000 
MlSSlON 

TEST PILOTS - 
NO. REQ'D FOR MISSION 1 

NO. REQ'D FOR SAFETY 

"FIRST BURN 
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AEROJET APPROACH PROV 
LOW COST PAYLOAD DEL 

@ SMALL SIZE @ LOWER DEVELOPMENT 
COST 

@ LOWER U N I T  COST 

@ BETTER PACKAGlNG 

@ HIGHER PERFBRMPQNCE 

@ MODULAR APPROACH @ OPTlMklM THRUST IFQR 
ALL MISSIONS 

@ ONLY ONE ENGINE 
DEVELOPMENT 
REQUIRED 

@ MULTIPLE ENGBNIES @ MISSION SUCCESS 
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AEROJET'S NEW CORE 
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17 TESTS - GH2/602 
ULAR TCA 

Figure  2 2  
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STABLE COMBUSTION 

HEAT TRANSFER 
PERFORMANCE DATA 



CALOR METER NNER CHAM1 
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60,000 RPM LOW SPEC 
SPEED PUMP. NS = 700-100C 

F i g u r e  24 




