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The NASA Broadened-Specification Fuels Combustion Technology program is  be- 
ing conducted (1) t o  evolve and demonstrate t he  technology required t o  enable 
cu r ren t  and next-generation high-thrust, high-bypass-ratio turbofan engines t o  
use f u e l s  with broadened p rope r t i e s  and (2)  t o  v e r i f y  t h e  evolved technology i n  
fu l l - s ca l e  engine tests. 

Two con t rac to r s  are pa r t i c ipa t ing  i n  t h i s  program. The General E l e c t r i c  
Go., using t h e i r  CF6-80 engine as a base l ine  design, and t h e  P r a t t  & Whitney 
Ai rc ra f t  Group of t h e  United Technologies Corp., using t h e i r  JT9D-7 engine. 
Present planning i s  t h a t  paral le l  programs w i l l  be conducted with the  two con- 
t r a c t o r s  through the  planned th ree  separa te ly  contracted phases: 

Phase I, combustor concept s c r e e n i n g -  A series of sec tor - r ig  tests t o  de- 
termine t h e  b e s t  conf igura t ions  f o r  f u r t h e r  evaluation, based on t h e i r  a b i l i t y  
t o  use f u e l s  with broadened p rope r t i e s  while meeting exhaust emissions and per- 
formance goa ls  and having s u i t a b l e  d u r a b i l i t y  c h a r a c t e r i s t i c s .  Phase I i s  ap- 
proximately an 18-month e f f o r t .  

Phase 11, combustor optimization t e s t i n g  - A series of sec tor - r ig  o r  f u l l -  
annular r i g  tests of t h e  b e s t  designs from phase I t o  e s t a b l i s h  t h e  required 
ove ra l l  combustion system emissions, performance, and d u r a b i l i t y  charac te r i s -  
tics and engine adap tab i l i t y .  
combustion system with o the r  engine components. 
16 months. 

Emphasis w i l l  be placed on i n t e r a c t i o n  of t h e  
This phase is  pro jec ted  to  take  

Phase 111, engine v e r i f i c a t i o n  t e s t i n g  - Steady-state and t r a n s i e n t  t e s t i n g  
of t h e  bes t  combustion system (or  systems) of phase I1 as p a r t  of a completeen- 
gine. Phase I11 is  projected t o  take  16 months. 

Phase I i s  scheduled f o r  completion i n  ea r ly  1981, phase I1 i n  mid-1982, and 
phase I11 i n  la te  1983. 

I n  designing combustion systems f o r  t h e i r  r e spec t ive  programs, t he  contrac- 
t o r s  w e r e  required t o  observe c e r t a i n  cons t ra in ts :  

(1) The program f u e l s  t o  be used are Jet A and t h r e e  broadened-properties 
f u e l s .  
spec i f i ca t ion  (ERBS) f u e l ,  wi th  a hydrogen content of 12.8 percent by weight. 
(In comparison Jet A ' s  hydrogen content is 13.5 t o  14 percent.) 
t e m  designs w e r e  t o  be based on using the  re ference  broadened-properties f u e l .  
The o the r  two f u e l s  are blends of t he  reference f u e l  and a blending s tock  t h a t  
reduces the  12.8 percent hydrogen content of t h e  re ference  f u e l  t o  12.3 and 

One i s  a re ference  f u e l ,  c a l l e d  the  experimental r e f e r e e  broadened- 
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11.8 percent,  respec t ive ly .  These two f u e l s  are being used so t h a t  t rends  i n  
t h e  e f f e c t s  of t he  progress ive  lowering of f u e l  hydrogen content and t h e  corre- 
sponding r a i s i n g  of aromatics content can be examined. 

(2) Of t h e  th ree  combustion system concepts t o  be designed by each con- 
t r a c t o r ,  one w a s  t o  involve r e l a t i v e l y  minor modifications t o  t h e  production 
combustion system of t h e  base l ine  engine. This is  t o  allow modification of in- 
s e rv i ce  engines so t h a t  they can use broadened-properties f u e l s  while meeting 
appropr ia te  emissions requirements and maintaining t h e  performance and durabil-  
i t y  c h a r a c t e r i s t i c s  of t he  production combustion system. The o the r  two con- 
cepts  were t o  be advanced designs f o r  u se  i n  f u t u r e  engines. 

Two methods are used t o  counteract t h e  e f f e c t s  of increased aromatics on 
l i n e r  l i f e :  

(1) Reducing t h e  r a d i a t i o n  e f f e c t  by optimizing stoichiometry through 
staged combustion and v a r i a b l e  geometry 

(2) Of f se t t i ng  t h e  r a d i a t i o n  e f f e c t  by improving l i n e r  cooling e f fec t ive-  
ness and using thermal b a r r i e r  coatings 

Among t h e  problems t o  be expected i n  t h e  use  of broadened-properties f u e l s ,  
and which are addressed i n  t h i s  program, are 

(1) Higher aromatics content,  causing 
(a) Increased flame luminosity, which r e s u l t s  i n  increased r a d i a t i v e  

hea t  t r a n s f e r  t o  combustion l i n e r s  and shor t e r  l i n e r  l i f e  
(b) Increased engine v i s i b l e  smoke output 
(e )  Increased carbon deposit ion on f u e l  nozzles and combustor l i n e r s  

(2)  Lower v o l a t i l i t y  and higher v i scos i ty ,  causing 
(a) More d i f f i c u l t  cold start  and a l t i t u d e  r e l i g h t  
(b) Greater d i f f i c u l t y  i n  achieving s a t i s f a c t o r y  emissions levels a t  

low-power conditions 

(3) Reduced thermal s t a b i l i t y ,  causing 
(a) Fuel system depos i t s  
(b) Fuel i n j e c t o r  plugging 

F ina l  design of t h e  combustion systems has been completed. Phase I is now 
in the  f a b r i c a t i o n  s tage ,  wi th  t e s t i n g  t o  begin i n  approximately 2 months. 
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A N T I C I P A T E D  P R O G R A M  SCHEDULE 
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C O M B U S T I O N  S Y S T E M  C O N C E P T S  

TYPE OF DESIGN APPLICATION 

CONCEPT I MINOR MODIFICATIONS TO IN-SERVICE ENGINES 
PRODUCTION COMBUSTOR 

CONCEPT II MORE ADVANCED FUTURE 
ENGINES 

CONCEPT Ill HIGHLY ADVANCED FUTURE 
ENGINES 
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