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,..: . This review indicates  recent devslopxeats which have occurred In tho _ _  I .  

liquid racket engine ffeld, epecfal development areas assocbsted with the 

- .  Ifquid eraginea in cs t r~ent  nssgs, and several trends which may be expecte-XI in 
-,. 

E '., c. 7 ,  

I tho det~ign of future advanced rocket eagines. 

Since the earliest deaBgn and development of l iquid  mcket engines, basic 

propds ion  goals have renafned the  same: high performance, low weight, 

simplicity, minimtan size, ease and low-cost of development, versatility, 

engine longevity and reusabi l i ty ,  and, most ihgortant , high reliabf llty . Eve- 

liqufid rock engine development program has &vancd  these goals. 

The area r a t i o  and chamber pressus-c of the  early Redstone engine %ere 

su.perc&d by t he  higher psrfomlng Atlas a.nd Titan engines. 'fhe EBWalcohol 

and acid/hydrazin@ propellants of the  early engines were replaced f i r a t  by 

W R P  in tho Atlas, Thor, Jupiter and Titan X ,  ard short ly  thereaf te r  by the  

equivalent-parfommce, noncryogenic, MZWIAerozinc-50 pmpel lants  for the 

Titan I L .  Several new rocket engines are uow operational ar in the l a t t e r  
' _ '  . 
. . 
. '.'. s tages  of development. These engines --- the H-1 and F-1 with WWW 

pmpolle-rts, the Tit- 31 and Titm 111 cngfrres w i t h  XTO/Aamzine-50, and the 

R I r l O ,  J-2, and M-1 wfth Oa/BZ pmpell~nte --- have each contributed s ta te-  

of-the-art advancements. 
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The x-1, IX)X/RP engine has  c l e a r l y  demonstrated t h e  capab i l i ty  and 

r e l i n b i l i t y  of a l iquid-propellant  rocket engine. The t h r u s t  has been 

uprated from t h e  o r i g i n a l  design value  of 165,000-pounds t h r u s t  t o  its 

cur ren t  200,000-pounds t h r u s t  r a t ing ,  and it s t i l l  has a po ten t i a l  f o r  h igher  

t h r u s t .  The f l i g h t  test r e c o d  of t h e  f i r s t  nine Saturn I l a m c h  veh ic les  is 

outstanding. The R-1 w a s  s p e c i f i c a l l y  designed a s  an independent plug-in unit. 

Its record  ha^ demonstrated t h e  excel lent  r e l i a b i l i t y  t h a t  can be achieved 

with an engine c l u s t e r  f o r  high-thrust  a.pplications. 

The F-1 engine (Fig. l), t h e  nat ion 's  f i r s t  high-thrust booster  engine, 

h n s  achiovcd severa l  milestones during t h e  l a s t  year. The LX)Y/RP engino, 

which has now completed f l i g h t  rating t e s t i n g  (FRT), cons i s t s  of a single 

t h r u s t  chnmber i n j e c t o r ,  and dome; a single d i rec t -d r ive  turbopump; a s i n g l o  

gas generator;  fuel-pump discharge l i n e s  and con t ro l  va lves ;  IDX pump 

discharge l i n e s  and con t ro l  valves; and a s i n g l e  s t a r t  valve,  which j.ss t h e  

only  major engine par t  requir ing e l e c t r i c a l  energy as a con t ro l  devico. 

This engine des ign incorporates a tank-head start system, a s impl i f ied  

con t ro l  system, and o t h e r  concepts proved through predevelopment advanced 

technology programs. The 1000-psia chamber pressure  ( the  h ighes t  chajnbor 

pressure  of any rocket  engine cur ren t ly  being developed) and t h e  16:l nozzlo 

a rea  r e t i o  combine t o  provide a high engine performance level .  
L ~ ~ ,  C Y  ,' Since completing FRT i n  December, 1964, $1 month ahead of schedule), fi 

181-second dura t ion  t e s t  ( in  excess of t h e  Qua1 dura t ion requirement) has been 

conducted on t h e  engine. The c l u s t e r  tests of f i v e  F-1 engines f o r  tho Snturri 

V booster  conducted at NASA Marshall Space P l i g h t  Center produced t h e  nat ion 's  

l a r g e s t  rocket t h r u s t  l e v e l  of 7,500,000 pounds. A t  Marshall Space F l igh t  

Center,  f i v e  c l u s t e r  engine tests have been conducted t o  d a t e  on t h e  Saturn 

S-IC test stage. These c l u s t e r  t e s t s  increased I n  dura t ion from an I n i t i a l  
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test of 6 seconds t o  90 seconds durat ion.  During t h e  l a t t e r  tests, gimbaling 

for a11 f o u r  outboard engines was d e ~ 9 n s t r a t e d .  Full-duration c l u s t e r  tests 

are plaaned f o r  tho  near  fu ture .  

Durlng development of t h e  F-1 engine specPal e f f o r t s  were required i n  

s e v e m l  areas.  The regenerat ive fuel-cooled t h r u s t  chamber was designed t o  

a 10:l expansion a r e a  r a t i o ,  primari ly f o r  e a s i e r  handling and shipping of 

t h e  e:lgine, and a gas-cooled s k i r t  was designed which extends t h e  nozzle 

length  n e a r l y  6 f e e t ,  m d  pravides 16:l  expans'ion (Fig. 1). Development of 

this gas-cool& nozzle skirt nos a now innovation i n  engine deaigfl. l71s 

fur3jn.c e:&auat is c l r ~ ~ ~ f e r e n t i a l l y  distributed by the  exhaust nan9901d bolaw 

t h e  h ~ ~ t  exchanger on t h e  main t h r u s t  e.ssenbly. The gas  flows bct~rosn the 

double w a l l s  o f  t h e  s k i r t ,  and is gradually admitted i n t o  t h e  main strean 

through numerous s l o t s  along t h e  wall, thus  c rea t lng  and ma3ntaining a cool  
f .  

Ae &%.part of  t h e ' b a s i c  engine development, a new requirement was added 

i n  l i n e  with t h e  Rocketdyne manrated s a f e t y  concept. This requirement c a l l n  

f o r  a t h r u s t  chamber I n j e c t o r ,  a s  w e l l  a s  an entkre  engine system, t h a t  is 

dynamically s t ab le .  This means t h a t  i f  a system i e  d is turbed f r o m  any aource, 

i t  w i l l  quickly damp o u t  t h e  r e s u l t i n g  o s c i l l a t i o n  an2 r e t u r n  t o  s t a b l e  

oporat  ion. 

A comprehensive development e f f o r t  was focused on t h i s  t a sk  i n  t h e  a reas  

of: mmlysls ,  model research t e s t i n g ,  rnd fu l l - sca le  design and tos t ing .  Tke 

a n a l y s i s  team re-exmined a l l  t e s t  records,  f o r  s i g n i f i c a n t  t r ends ,  and 

analyzed design concepts f o r  sources of disturbances.  This provided a l ist  

of c h a ~ . a c t s r i s t i c s  and requirements f o r  a good i n j e c t o r .  Two-dimensional 

W a l s  w e r e  used to examine p a r t i c u l a r  f e a t u r e s  i n  d e t a i l  by means of high- 
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s p e d  photography and high-response instrumentation. The r e a l  proof, however, 

was i n  building and t e s t i n g  fu l l - sca le  hardware. 

Rather than run hundreds of  tests t o  accumulate s t a t i s t i c s  on t h e  engine 

s t a b i l i t y ,  an n r t i f i c f a l  disturbance was introduced by detonating aa a c t u a l  

bomb i n s i d e  t h e  combustion ch~mber  near t h e  i n j e c t o r  face. This i o  a area 

which has  been deterrnlned t o  be a s e n s i t i v e  region. I n j e c t o r s  were evaluated 

on t h e i r  a b l l i t y  t o  qrzickly recover f r o m  t h i s  disturbance. This extens ive  

I n j e c t o r  performance land combustion t e s t  pztogram lect t o  t h e  development of a 

combustion system which not only pxvduced hlgh performance, but also 

demonstrhttd excol ient  dynmic  s t a b i l i t y .  Engine s t a b i l i t y  dernonstmtiom 

t e s t s  on the present  P-1 production configurat ion have shown t h a t  t a l l  indued 

dis turbances  will very quickly se l f - - s t ab i l i ze .  

The next development s t e p  known a s  t h e  Q u ~ l i f i c a t i ~ n  Test Progrram w i l l  

formally d e m u s t r a t e  t h e  r e l i a b i l i t y  and performance of t h e  engine p r i o r  t o  

- t h e  Apollo manned-spacecraft f l i g h t s .  This test p rogrm w i l l  conclude t h e  

developrnsnt pragrnm as present ly  contracted with NASA. 

There is ,  however, another development phase --- f l i g h t  support. This 

inc ludes  necessary o r  d e s i r a b l e  modifications f o r  f l i g h t s  following Saturn 

Apollo. A s  has beeu t h e  case  i n  e a r l i e r  space missions p a r t i c u l a r  f l i g h t s  

may roquire  spec ia l  " ta i lor ing"  of engines. 

In  t h e  a rea  of  f u t u r e  improvement, t h r u s t  uprat ing s tud ies  f o r  t h e  F-1 

engine have shown t h e  engine design to  have an extensive upra t ing po ten t i a l .  

An upra t ing prograin, based on NASA's Saturn veEnicPo requirements, could r e s u l t  

i n  increased t h r u s t  and performance f o r  t h i s  engine, thus  providing: g r e a t o r  

payloads f o r  t h e  Saturn vehic les .  



Tkc stlccessful T i t a n  II-Ge:ninl f l i g h t s  and t h e  successful i n i t i a l  f l i g h t  

of t h e  T i t an  I11 have f u r t h e r  demonstrated the high r e l i a b i l i t y  of tbeae  proven 

liquid propellant booster  and upper-stage engine desfgns. The T k t a l  21 and 

Ti tan  1x1 N 0 /Aexu>z%ne-50 propellant  engines were developed by t h e  he ro je t -  
2 4 

General Gorp, from the e a r l i e r  Titan I engines which us& fX)WRP p r o p e l l u t s .  

The new dual  T i t an  booster  engines a r e  ra ted  at  430,000 pounds t h r u s t  a t  ~ e a  

l e v e l ;  t h e  upper s t age  engine plmvibes a vacuum t h r u s t  cf l00,C60 po*mdc 

t h r u s t , - a n d  achieves increased perfomnnce with a high 49:l a r e a  r a t i o  ~ O Z X ~ R .  

?%a des igns  f o r  t h e  booster  and upper stage engines are similar; both designs  

use tho bas ic  gas generator  cycle. 

The Titnu engines have side-mounted ttzrbopumps and indeperideot onginr? 

g i~~ba l ing .  Solid-propellant  ca r t r idges  are used f o r  starting; no i g n i t i o n  

system i s  regutred with t h e  hypergolic propellant .  

The Titan  I1 development, opera t ion and many launches have demonstrated 

t h a t  M 0 and Aerozine-50, can be very successful ly  used kn a l a r g e  high- 
2 4 

t h r u s t  xvcket engine program, Experience has shown t h a t  i f  t h e  pmper  

precalrtions a r e  taken i n  f a c i l i t y  design and pro tec t ive  equipment f o r  porsomsl, 

these pmpallarnts can be handled s a f e l y  and eas i ly .  This experience has grout17 

contributed t o  making p r a c t i c a l  t h e  use  of o t h e r  high-performance p rope l l an t s  

for f u t u r e  veh ic le  stages. 

Tho Tit&@ ST1 f l i g h t  demonstrated t h e  a l t i t u d e  s t a r t  c a p a b i l i t y  of tho 

booster  engines. The  it& 111, which provides t h e  A i r  Force with a high 

payload launch veh5cle, has shown t h e  p o t e n t i a l  of vehieleo designed uokng 

both l i q u i d  sad s o l i d - p r o p e l l m t  engines. 

- more - 



me 15,000-pund t h r u s t  Pratt and Whftney EUrlO 0 /I{ engine has 
2 2 

achieved an excel lent  r e l i a b i l i t y  rec0Zd. Orjginal lg  designed f o r  t h e  Centaur, 

t h i s  engino is u s 4  in a slx-engine c l u s t e r  f o r ' t h e  Sat- I upper s tags .  Ths 

w l O   employ^ a cycle i n  which t h e  thrust-chnmber regenerative-beat& X2 drivoa 

the  t u r b p ~ m p .  It has a chm-bar pressure sonewhat lower than o t h e r  c u r a n t  

engines, b a t  wchfeves high perfomgace with i ts 40:l a rea  ratis nozzle. This 

englne has denonstrated numerous new inx.cvz*tioz~a j.n 'liquid-rocket engins dssign. 

Tlxmttliag in  p*mp-f ed raode of opefat ion on R G l O  has been damnstrated in 

experimental engine systems; further t h m t t l i n x  c ~ p a b i l i t i ~ s  with t h t b  engtss 

are psas%ble. Operation In s tank-kccd-prossurs i d l e  mods (with h ~ o n t  p 1 ~ a ~ 3  

operetfng) i a  a l c o  ptxsfb%o w i t h  t h i s  deslgn; preliminstry t a s t e  have b ~ o n  

canduct&. i n  t h i s  opera t ing node. 

Res ta r t  c a p a b i l i t y  can be achieved w l t h  t h e  PUiPO spark ignition system. 

In t h e  mechanical des ign a rea ,  t h e  engine baa demooslratec? tho  perfosmr.nce and 

cornbustion s t a b i l i t y  vith t h r o t t l i n g , .  of t h e  concentric-tube i n j e c t o r  demign. 

Increased porfomance is poss ib le  with chamber pressure  upratizig and a higher  

area r a t i o  nozzle. 

The 5-2 engine, (Fig. 2) ,  also deslgned f o r  upper s tages ,  d e l i v e r s  a 

200,000-pound t h r u s t ,  and opera tes  at a chamber pressure of 635 psia. T&s 

OZ/% prope l l an t s  a r e  supplied t o  t h e  t h r u s t  chamber by dual  d i rec t -dr iv@ 

- turbopumps. The fuel pump has an axial-flow design,  snd is  t h e  first 09 l t a  

kind t o  be used i n  a l a r g e  engine. 

turbopump bearings i n  both u n i t s  a r e  lubr ica ted  by t h e  propel lant  

being pmped. Thus no lubr ica t ing  system i s  required,  rand t h e  problem of 

. p r o t e c t i n g  IlubrPcatir~g o i l  from t h e  low temperatuso~r of'the cryogenic 

propal.lants sukd 'the space environment i s  avoided, ForsslbZe corn3ixstion of 

lubricntizig o i l   fro^ soal leakago is  a l s o  e l h i n a t e d .  

- mre, - 



A fuel-rich gas generRtor supplies gas t o  d r ive  the  hydrogen pump turbine 

and then, i n  series, t o  d r ive  tho oxygen pump turbine. I"nis arrangement givos 

m a x i n u n  turbine eff ic iency and e f fec t ive ly  s p c h w n i z e s  pump operation. Tke 

. exhaust gaa i s  introduced in to  tho rnidpofnt of the  rocket-engine nozzle for . 

e f f ec t i ve  disposal and to recover much of b t s  remaining propulsive foLrco. 

The pumps are mounted on opposite sides, of the  t h m t  chamber and have diracf- 

access, s t ra ight-axial  i n l a t s .  No boost pqmps are required, 

Tne J-2 engine, i s  completely s e l f  su f f i c i en t ,  carrying Stn own hs'hSta3n 

supply f a r  valve actuation and a hermetically sealed e l s e t r l c a l  control  m k t  

which nslppllcn a l l  control  logic for emgiacs st~9rt , cut-of f , @zd restark. A 

r cchz r~eab le ,  engine-notmt&, hyd.mgen start  ta.k, and n ~-pne% lgnitlon S ~ G ~ O T J  

featur ing automatie reset provide the basic elements for  tho multipA@ pes t a r t  

capability of the engine. Pmpel lan t -u t i l i za t ion  csnttvl  I s  pnwvfdcd by 

&jua%mept of the propellant  mixture r a t i o  fla, accokd&~ca w i t f a  vehiela com~and 

s ignals .  The engine i s  a l so  capable of pmvidir~g gaseous kydmgan and oxygen 

to the  vehicle  f o r  p r o p s l l ~ n t  tank pressurization.  

The successful  eompletPon of t he  Preliminary Flight Rating Zyest program 

was accomplished i n  November, 1964, A total of 16 mainatago t e s t a  vss 

conducteat during the  t e s t  program. The total accmulatwJ operating tiale st 

f u l l  t h rus t  was 2350 seconds, which exceeded the  pmgrm requirement of 2258 

seconds. (Fig. 3) 

The successful  r e s t a r t  of the  5-2 engine was demonstrated on December 9 ,  

1964. A research and development engine was rws for 165 seconds a?ld then held 

f a r  75 minutes, 9% was res ta r ted ,  shut dom a f t o r  7 seconds f o r  6 minutes, 

then r e r r t s r t d ,  and run f o r  f u l l  duration of 310 ssconde. To date more than 

1169 engine t e s t s  kavo been mmplatd,  Of' these 24 exce6K"ted SO0 seconds in 

duration. 



A s ing le  un i t  has been f i r ed  f o r  a t o t a l  of over 10,000 seconds. I n i t i a l  

f i v e  engiae c lu s t e r  t e s t s  using the  Saturn S-11 t e s t  stage tankage have been 

success f dl. 

An experimental engjlne program, conducted concurrently with t he  3-2 

devolopmont program, has made s ign i f ican t  contributions t o  0 2/H2 e ~ i n e  

techology  during t he  past  year. This engine serves as a t e s t  bed f o r  

8 d v m c d  concepts applicable t o  O Z / R Z  engines. This engine has demonstrated 
__ . .  .. 

the  Cesign of an engine system tha t '  derives i ts turbine gas f m m  t he  main 

combustor, thus  eliminating the  ~ e c e s s i t y  for a gas generator and a fue l  by- 

paes system t h a t  provides f o r  rapld engfns start without preconditioufng. 
/.,,la/ /-4 -*< , . , / L A Y  ( C  /;/,,, -9 > /  / <, - , ,, - 

The l a rges t  current 0 B engine i s  the  9,1-17 The design employs a high, - . ( /c~, ' - - 
2/ 2 'e _&' 

., 
area-ra t io  b e l l  nozzle, and w i l l  operato a t  c-lose-t% - l 0 0 0 - ~ s i a  chamber 

/ 1700p:. /f' 

pressure. ' f l is  engir.s program, conducted by Aerojet-General Corp, f o r  WSA, 

has provided addi t ional  O& engine technology, and has shown the f e a s i b i l i t y  

06 i ts  high-thrust design. I 

During tho past  year a ra ther  extensive program on the  use of FIAX 

oxidizers  (adding F2 t o  basic  O2 oxidizer)  has been carr ied out  f o r  booster 

engine oystems. This work has been done using the  Atlas sus ta ins r  engine 

which was designed for O2 a s  tine oxidizer  and RP a s  the fuel .  

Work on FLOX has been i n  progress a t  varying leve ls  of e f f o r t  s ince 1953, 

F i r s t  engine t e s t s  ( r l t h  an 02/RP gas generator) and F U X  20 (20-percent F2 

and 60-percent 02) were made on the mar engine i n  1959. These t e s t s  

demanstkted . t h a t  t he  higher theore t ica l  perfommice can be achieved i n  the  

t h rus t  ch~mber, and tha t  cooling with t he  F m X  oxiGizer is satisfactory with- 

out modifications, . , 



The recent  At las  sus ta lne r  engine tests, sponsored by NASA, were made at 

Rocketdyne using FWX 30. These tests have demns t ra ted  gas generator  and 

t u r b i n e  opera t ion,  regenerat ive cooling, and hypergolic ign i t fon ,  and have 

shown t h a t  t h e  t h e o r e t i c a l  s p e c i f i c  impulse gain  of FLOX 30 over  t h e  M)X/F@ 

can be achieved i n  a dsmplete opera t ing engine eyatem. Engine compat ib i l i ty  

was achieved with a few r e l a t i v e l y  minor mater ia l  changes. 

Fur ther  FIAX englne t e s t i n g  with higher F2 concentrat ions is  planned. _ - -  . 
These successful  engine demonotration and performamco t e a t s  h c ~ e  paved t h e  

way f o r  f u t u r e  use of high performing F M X  o r  o t h e r  f l u o r i n e  csnta in ing 

ox id ize r s  i n  e i t h e r  t he  bvoater  o r  upper s tages  cf high perfomance l r m c h  

vehicles.  

I n  summary, w e  can see t h a t  during t h e  pas t  year s i g n i f i c a n t  s t r i d e s  

J have been made i n  l i q u i d - p m p e l l m t  rocket engines and t h e  veh ic les  they 

power. The l i q u i d  m c k a t  powered Titan-Gemini f l i g h t s  successful ly  f ~ e r t h e ~ e d  

the  nat ion 's  manned o r b i t a l  program i n  t h e  sane outstanding mnnnor a s  d i d  t h e  

e a r l i e r  Redstone-Mercury suborbital and Atlas-blercury o r b i t a l  f l i g h t s .  The 

first f l i g h t  of t h e  T i t a n  111 demonstrated t h e  proved r e l i a b i l i t y  and b o o s t e r  

engine a l t i t u d e  s t a r t  c a p a b i l i t y  of t h e  I? 0 /Aemzioe-SO T i t m  engines, and 
2 4 

nine  successful  Saturn 1 launches t o  d a t e ,  have demonstrated outstanding 

success of  t h e  six-engine W 1 0  c l u s t e r  and t h e  eight-engine H-1 c l u s t e r .  For I 

NASA's Sa tu rn  V ,  t h e  successful  F-1 f i v e e n g i n e  c l u s t e r  tests have indicated  

t h a t  the high l e v e l  of success now being achieved i n  cur ren t  l i q u i d  rocket  

engines and veh ic les  w i l l  continue. 

Tho 5-2 engine, also scheduled f o r  use  i n  t h e  Saturn V and i n  t h e  new 
- - - - -  

7 '  
S-IVB upper s t a g s  f o r  t h e  Saturn I B  .has completed FRT,' m d  has demonstrated 

/ --- -- - - -- --" 
I 

restart and ful l -dura t ion t e s t  opokat%oa during t h e  past year. 



me five-engine c l u s t e r  for t h e  S-11 s tage  has been successful ly  t e s t e d  severa l  

times, The At las-sus ta iner  FLOX t e s t  program has shown t h e  f e a s i b P l l t y  and 

p r a c t i c a l  app l i ca t ion  of t h i s  appmach f o r  achieving increased performance for 

l i q u i d  rockets. 

During t h o  pas t  year  continued progress has been made l a  tho AF- and 

, EASA-sponsored advanced technology programs. These programs are d i rec ted  

toward t h e  conception of f u t u r e  high-performance l i q u i d  rocket engines having 

r&uc&'complexity, and toward designs which minimize tho  cos t  and t i m e  fox  

developrn~nt of  new engtnea. This e f f o r t ,  wbich was i n f t i a t e d  on a bmod bnsis 

several years  ago, has  rap id ly  deliner,ted prsmiaj.ng new zrppmncherr t o  @om,wno:at 

and system design, and pinpointed crltical problem areas. These advanced 

technology a r e a s  include: high-energy p rope l l an t s ,  advanced nozzles, new 

combustor concepts, h p m v &  thrust-chamber cooling techniques, m d  ~dvanced  

high-performance engine des igns ,  incorporat ing tho  advanced component d e s l g n ~ ~  

now being Inves t igated  and t e s ted .  . 
Work on advanced turbomachinery t o  achieve higher e f f i c i ency  md Pow- 

- weight designs czbn be expected t o  provfde tur'bopwnps capablo of t h e  requip- 
, *  

ments f o r  tomorrovs increased performance l iqu id -prope l lmt  rocket engines. 

. New approaches t o  t h e  des ign of t h e  rocket  engine combustors &PI nozzles are 

con t inua l l  y being sought and inves t igated .  Rere again t h e  goal is  2mprovement 

i n  p e r f o m m c e ,  weight, and r e l i a b i l i t y .  New approaches t o  engine dosPgns 

which would pexmit the basic opera t ing components t o  be developed m d  t e s t e d  

t o  a high perfomanee and r e l i a b i l i t y  l e v e l ,  independent of  t h e  engine, are 

being sought. 

'1 n t h e  area of  advmced propol lants  , high perfomance corabi&& $one 'now 

/ being tested. s f far  aigaif iemt i n c r e a s h  in s p e c i f i c  'hpznlae. - =re - 



As tests on these propellants are accmulated i n  the ereas of psrformnnce, 

combustion s t a b i l i t y ,  and system deslgn, these advarlcecf propellsnts will 

provide the vehic le  des4gn with a broad spectrum f m m  which to chose, b a s d  

OR the specPflc requirements 0% each vehicle o ~  stage. 

Tke potentkal perfomtirace and ro l iabr l i ty  galne which arnalysis have 

shown to  exist with these advanced engino concepts, provide a great incentive 

t o  the liquid rocket engineer to develop conplots engins designs t~si?xg these 

prornicIr@ new concepts fox the next ienorntion of Ifquid mckot p w e M  Lamch 

vehicles and opacccm.Pt, 
Approved :el- public release, 
s u b j e d  to erct.piic?7s states! 
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