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ABSTRACT 

was 
and 

The Hot S e c t i o n  Technology (HOST) P r o j e c t ,  which 
i n i t i a t e d  by  NASA Lewis Research Center  i n  1980 
concluded i n  1987. was aimed a t  improv ing  advanced 

a i r c r a f t  eng ine  h o t  s e c t i o n  d u r a b i l i t y  th rough b e t t e r  
t e c h n i c a l  unders tand ing  and more accu ra te  des ign  ana ly -  
s i s  c a p a b i l i t y .  The p r o j e c t  was a m u l t i d i s c i p l i n a r y ,  
m u l t i o r g a n i z a t i o n a l ,  focused research  e f fo r t  t h a t  
i n v o l v e d  21 o r g a n i z a t i o n s  and 70 research  and techno l -  
ogy a c t i v i t i e s  and genera ted  approx ima te l y  250 research  
r e p o r t s .  No major  hardware was developed. To eva lu -  
a t e  whether HOST had a s i g n i f i c a n t  impact on the  over -  
a l l  a i r c r a f t  eng ine  i n d u s t r y  i n  t h e  development o f  new 
engines, i n t e r v i e w s  were conducted w i t h  41 p a r t i c i p a n t s  
i n  t h e  p r o j e c t  t o  o b t a i n  t h e i r  v iews.  The summarized 
r e s u l t s  of  these i n t e r v i e w s  a r e  presented .  

SUMMARY 

i t y  needs i n  advanced a i r c r a f t  eng ine  combustors and 
t u r b i n e s  by deve lop ing  improved methods for  des ign  
a n a l y s i s  and l i f e  p r e d i c t i o n  o f  c r i t i c a l  p a r t s .  Pro- 
v i d i n g  techno logy  t o  improve engine d u r a b i l i t y  should,  
i n  t u r n ,  reduce maintenance c o s t s  and improve f l i g h t  
s a f e t y .  Because o f  t h e  n a t u r e  o f  cha l lenges  i n  deve- 
l o p i n g  d u r a b l e  s t r u c t u r e s ,  t h e  p r o j e c t  was m u l t i d i s c l -  
p l i n a r y  and m u l t i o r g a n i z a t i o n a l  i n v o l v i n g  70 research  
and techno logy  a c t i v l t i e s .  Whi le most p r o j e c t s  r e s u l t  
i n  a d e l i v e r a b l e  p iece  o f  ma jor  hardware, t he  HOST 
P r o j e c t  i n s t e a d  genera ted  approx ima te l y  250 research  
r e p o r t s  t h a t  cover  r e s u l t s  from a n a l y t i c a l  model ing.  
h i g h l y  c o n t r o l l e d  sma l l - sca le  exper iments,  and numer- 
ous computer codes t h a t  were developed. HOST Annual 
Workshops brought  toge the r  r e p r e s e n t a t i v e s  f rom a1 1 
ma jor  U.S. gas t u r b i n e  manufac turers  and f rom a s i g n i f -  
i c a n t  number of u n i v e r s i t i e s  and research  i n s t i t u t e s  
i n  an e f f e c t i v e  fo rum to  d i scuss  and c r i t i q u e  r e c e n t  
research  f i n d i n g s .  To b e t t e r  unders tand t h e  impact o f  
t h e  HOST P r o j e c t ,  i t s  c o s t  e f f e c t i v e n e s s ,  and b e n e f i t s  
d e r i v e d  by o r g a n i z a t i o n s  hav ing  a s s o c i a t i o n  w i t h  i t ,  
numerous i n t e r v i e w s  were conducted w i t h  key program 

The NASA-sponsored HOST P r o j e c t  addressed d u r a b i l -  
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p a r t i c i p a n t s ,  p r i m a r i l y  from i n d u s t r y  and academia, t o  
de termine t h e i r  v iewpo in ts .  Th is  paper summarizes 
r e s u l t s  from the  i n t e r v i e w s .  

INTRODUCTION 

The Hot Sec t ion  Technology P r o j e c t ,  which has t h e  
acronym HOST, was i n i t i a t e d  by NASA Lewis Research Cen- 
t e r  i n  the  F a l l  o f  1980 t o  address the  need for  improv- 
i n g  d u r a b i l i t y  o f  advanced a i r c r a f t  t u r b i n e  engines. 
Near t h e  conc lus ion  o f  t h e  p r o j e c t  i n  the  F a l l  o f  1987 
a survey  of knowledgeable p a r t i c i p a n t s  was conducted 
t o  assess t h e  impact and va lue  o f  HOST to  i n d u s t r y ,  t o  
academia, and t o  the  government. Th is  paper summarizes 
the  r e s u l t s  o f  the  survey. 

The HOST P r o j e c t  was unique i n  seve ra l  ways. I t s  
focus  on d u r a b i l i t y  was i n  c o n t r a s t  t o  o t h e r  r e c e n t  
NASA-sponsored programs t h a t  focused p r i m a r i l y  on per -  
formance improvements. Those programs i n c l u d e d  t h e  
Energy E f f i c i e n t  Engine (EEE) ,  Engine Component 
Improvement (ECI), and Advanced Turboprop Program 
(ATP) and i n v o l v e d  o n l y  a p o r t i o n  o f  t h e  a i r c r a f t  
eng ine  i n d u s t r y .  
programs on performance improvement, which o f t e n  tend 
t o  aggravate  engine hardware d u r a b i l i t y .  I n  a d d i t i o n  
the  70 major  research  and techno logy  a c t i v i t i e s  i n i t i -  
a t e d  under HOST drew on researchers  from t h r e e  work 
sec to rs - - i ndus t r y  ( i n c l u d i n g  a l l  t he  l a r g e  U . S .  eng ine  
manufac turers ) ,  academia, and government--to work 
j o i n t l y  toward common goa ls .  

and i n t e g r a t e d  research  encompassing s i x  eng inee r ing  
d i s c i p l i n e s  t h a t  addressed c r i t i c a l  techno logy  needs 
i n  t h e  eng ine  h o t  sec t ion- - the  combustor and t u r b i n e  
components. The d i s c i p l i n e s  a r e  i n s t r u m e n t a t i o n ,  com- 
b u s t i o n ,  t u r b i n e  heat  t r a n s f e r ,  s t r u c t u r a l  a n a l y s i s ,  
f a t i g u e  and f r a c t u r e ,  and su r face  p r o t e c t i o n .  HOST 
ac ted  as a keys tone t h a t  he lped b r i d g e  t h e  gap between 
these sometimes d i v e r s e  groups and p rov ided  mutual  sup- 
p o r t  i n  h e l p i n g  them work toge the r .  

Whi le t h e  program was j u s t i f i e d  for  c i v i l  a i r -  
c r a f t  needs, m i l i f a r y  needs were e q u a l l y  s a t i s f i e d  
because the  same 'design a n a l y s i s  systems a r e  used by 

The HOST P r o j e c t  complemented such 

Another unique f e a t u r e  o f  HOST was i t s  focused 



manufac turers  i n  deve lop ing  bo th  c i v i l  and m i l i t a r y  
eng ines .  

t o t y p e ,  was developed. I n s t e a d  t e c h n i c a l  understand- 
i n g  and des ign  a n a l y s i s  c a p a b i l i t y  were improved and 
documented i n  app rox ima te l y  250 pub l i shed  research  
r e p o r t s  and i n  numerous computer codes t h a t  were deve- 
loped.  Technology was f u r t h e r  i d e n t i f i e d  and t rans -  
f e r r e d  i n  a t i m e l y  manner th rough s i x  ma jor  annual 
workshops, which had a t o t a l  a t tendance o f  1500 peo- 
p l e .  Us ing  the  research  presented  i n  the  r e p o r t s  and 
a t  t he  workshops, a move was s t a r t e d  t o  change develop- 
ment o f  advanced engines from the  h i s t o r i c a l  experimen- 
t a l  t e s t i n g  approach o f  " b u i l d  'em and bus t  'em" t o  a 
more a n a l y t i c a l  approach i n  which component hardware 
des igns  a r e  analyzed w i t h  much more accu ra te  d a t a  bases 
and mathemat ica l  models be fo re  t e s t i n g  i s  begun. Test-  
i n g  i s  then more for  des ign  v e r i f i c a t i o n  than f o r  
exper imen ta l  development. 

A t o t a l  o f  40 separa te  a c t i v i t i e s  were compet i -  
t i v e l y  c o n t r a c t e d  w i t h  a i r c r a f t  engine manufac turers  
and research  i n s t i t u t e s  p l u s  13 g ran ts  t o  u n i v e r s i -  
t i e s .  Seventeen major  a c t i v i t i e s  were suppor ted  a t  
t h e  NASA Lewis Research Center .  A t o t a l  o f  21 o rgan i -  
z a t i o n s  were rep resen ted  i n  the  e f fo r t .  I n  a d d i t i o n  
t o  t h e  above ment ioned u n i v e r s i t y  g ran ts ,  severa l  manu- 
f a c t u r e r s  subcont rac ted  p a r t s  o f  t h e i r  work t o  u n i v e r -  
s i t y  researchers ,  who may or may n o t  a l s o  have had 
d i r e c t  NASA HOST g r a n t s .  The 40 c o n t r a c t s  were gener- 
a l l y  m u l t i y e a r  and o f t e n  mul t iphased.  
p r o v i d e d  a g r e a t e r  o p p o r t u n i t y  f o r  i n t e r a c t i o n  between 
v a r i o u s  o r g a n i z a t i o n s  rep resen ted  than i s  no rma l l y  
encountered i n  government sho r t - t e rm con t rac ted  
e f f o r t s .  

To eva lua te  and r e p o r t  t he  impact o f  t he  HOST 
P r o j e c t ,  41 i n d i v i d u a l s  f rom p a r t i c i p a t i n g  organ iza-  
t i o n s  were i n te rv iewed .  These i n t e r v i e w s ,  p l u s  some 
r e s u l t s  from a 1984 m id -p ro jec t  assessment t h a t  a l s o  
i n v o l v e d  i n d u s t r y  and academia p a r t i c i p a n t s ,  a r e  sum- 
mar i zed  i n  t h i s  paper t o  p r o v i d e  w r i t t e n  tes t imony on 
t h e  HOST P r o j e c t .  f u r t h e r ,  t he  f i n d i n g s  may p r o v i d e  
guidance i n  p l a n n i n g  f u t u r e  government-sponsored 
research  programs. 

APPROACH 

F i n a l l y ,  no major  hardware, such as an engine pro- 

Th is  approach 

The goa l  o f  t h i s  s tudy  was t o  de termine the  HOST 
P r o j e c t ' s  impact by o b t a i n i n g  views from a representa-  
t i v e  number o f  key p a r t i c i p a n t s .  E f f o r t s  were made to  
a v o i d  b iases ,  i f  any, o f  t h e  i n t e r v i e w e r .  The au tho rs  
o f  t h i s  paper i n c l u d e  t h e  NASA manager o f  the  HOST 
P r o j e c t ,  who conceived and gu ided the  study, and a sup- 
p o r t  s e r v i c e  c o n t r a c t o r ,  who conducted t h e  s tudy  and 
who had cons ide rab le  a i r b r e a t h i n g  engine background 
p r i o r  t o  t h i s  p r o j e c t .  The suppor t  s e r v i c e  c o n t r a c t o r  
had no  p r i o r  knowledge o f  t h e  HOST P r o j e c t  and en te red  
the  s tudy  w i t h  no b iases  r e g a r d i n g  HOST. The p r o j e c t  
manager made suggest ions  as to a p p r o p r i a t e  HOST p a r t i c -  
i p a t i n g  o r g a n i z a t i o n s  and peop le  t o  c o n t a c t .  The 
c o n t r a c t o r  con tac ted  these o r g a n i z a t i o n s ,  made arrange- 
ments f o r  v i s i t s ,  and conducted i n t e r v i e w s  bo th  w i t h  
peop le  suggested by the  p r o j e c t  manager and w i t h  o t h e r s  
suggested by some o f  those in te rv iewed .  Throughout 
t h e  d u r a t i o n  o f  t he  i n t e r v i e w  p e r i o d  some HOST p a r t i c i -  
pants  c a l l e d  and vo lun tee red  u n s o l i c i t e d  comments. By 
means o f  t h i s  approach t h e  co-author most f a m i l i a r  
w i t h  the  p r o j e c t  p rov ided  leads  o f  o r g a n i z a t i o n s  and/or  
personnel  who had been a c t i v e  i n  the  o v e r a l l  program, 
and t h e  o t h e r  au tho r  conducted the  i n t e r v i e w s  and gath- 
e red  d a t a  p resented  h e r e i n  w i t h o u t  p reconce ived ideas  
on t h e  impact of  HOST. 

Approx imate ly  90 pe rcen t  o f  t he  i n t e r v i e w s  were 
conducted i n  person, w i t h  t h e  remainder conducted by 
te lephone.  A t o t a l  o f  41 i n t e r v i e w s  were conducted 
w i t h  the  f o l l o w i n g  breakdown by o r g a n i z a t i o n :  26 f rom 
eng ine  manufac turers ,  5 from u n i v e r s i t i e s ,  4 f r om 
research  i n s t i t u t i o n s ,  and 6 from government (NASA and 
U . S .  A i r  Force) .  Personal  i n t e r v i e w s  were conducted 
w i t h  key p a r t i c i p a n t s  from the  f o u r  major a i r c r a f t  
eng ine  manufac turers  i n  the  program, namely P r a t t  and 
Whitney, General E l e c t r i c  Company, A l l i s o n  Gas Turb ine  
D i v i s i o n  o f  General Motors Corpo ra t i on ,  and G a r r e t t  
Tu rb ine  Engine Company. The approach was t o  f i rst  
c a l l  t h e  o r g a n i z a t i o n  and t e l l  them t h e  s u b j e c t  t o  be 
d iscussed.  V i s i t s  t hen  were made and those i n t e r v i e w e d  
were g i v e n  t h e  o p p o r t u n i t y  t o  s t a t e  t h e i r  views on bo th  
p o s i t i v e  and nega t i ve  aspects o f  t he  p r o j e c t .  E f f o r t s  
were made t o  s o l i c i t  i n d i v i d u a l  v iews, e i t h e r  p r o  or 
con, and t o  a v o i d  ques t i ons  or comments seek ing  p r a i s e  
for t h e  program. No s e t  ques t i ons  were asked i n  t h e  
i n t e r v i e w s .  Ins tead ,  i n d i v i d u a l s  were asked a few gen- 
e r a l  ques t i ons  and then g i ven  t h e  o p p o r t u n i t y  t o  
express whatever o p i n i o n s  they  had. A c t i v e  l i s t e n i n g  
was used t o  encourage d i s c u s s i o n  and t o  a v o i d  g u i d i n g  
answers.  I f  t h e r e  were ques t i ons  concern ing  t h e  i n t e r -  
p r e t a t i o n  o f  comments g i ven ,  f o l l o w - u p  telephone c a l l s  
were made for  c l a r i f i c a t i o n .  I n  severa l  cases the  
i n t e r v i e w e r ' s  w r i t t e n  summary o f  comments was sent  t o  
the  o r g a n i z a t i o n s  i n t e r v i e w e d  to  determine i f  the  i n d i -  
v i d u a l s  concur red  w i t h  the  i n t e r v i e w e r ' s  i n t e r p r e t a -  
t i o n .  I t  i s  t h e  b e l i e f  o f  t h e  i n t e r v i e w i n g  au tho r  
t h a t  t h e  a p p r a i s a l s  g i v e n  were spontaneous and hon- 
e s t .  Th is  r e p o r t  does n o t  i d e n t i f y  i n d i v i d u a l s  or 
o r g a n i z a t i o n s  o t h e r  than l i s t i n g  the  f o u r  eng ine  manu- 
f a c t u r e r s  and the  government o r g a n i z a t i o n s  from whom 
comments were s o l i c i t e d .  

F I N D 1  NGS 

There was unanimous agreement from everyone i n t e r -  
viewed t h a t  t h e  HOST P r o j e c t  was h i g h l y  e f f e c t i v e  and 
to t h e  mutual  b e n e f i t  o f  a l l  p a r t i c i p a n t s .  NASA was 
lauded for  the  concept ion ,  advocacy, and management o f  
t h e  program. 
many o f  the  impor tan t  research  programs, which a r e  
needed t o  advance techno logy  i n  t h e  h o t  s e c t i o n  of  gas 
t u r b i n e  engines, would have been de layed for  years  o r  
never under taken.  
l a r l y  emphasized as be ing  b e n e f i c i a l  by a number o f  
those i n t e r v i e w e d  inc luded :  ( 1 )  th ree-d imens iona l  
i n e l a s t i c  s t r u c t u r a l  a n a l y s i s ,  ( 2 )  thermomechanical 
f a t i g u e  t e s t i n g ,  (3 )  c o n s t i t u t i v e  model ing,  ( 4 )  com- 
b u s t o r  aero thermal  model ing,  (5) t u r b i n e  hea t  t rans -  
f e r ,  and (6) p r o t e c t i v e  coa t ings .  I n s t r u m e n t a t i o n  
research  was a l s o  emphasized as be ing  b e n e f i c i a l ,  p r i -  
m a r i l y  by t h e  s i n g l e  o r g a n i z a t i o n  conduc t ing  t h a t  
research .  Other  o r g a n i z a t i o n s  were l e s s  e n t h u s i a s t i c  
because t h e  developed i n s t r u m e n t a t i o n  was n o t  commer- 
c i a l l y  a v a i l a b l e  t o  them. I n  a somewhat s i m i l a r  man- 
ner  computer codes developed i n  the  HOST P r o j e c t  were 
g e n e r a l l y  more u s e f u l  t o  the  o r g a n i z a t i o n  deve lop ing  
the  codes than t o  o t h e r s ,  p a r t i c u l a r l y  for  the  longer ,  
more complex codes. 

Two areas, t h a t  were n o t  research  i n  na tu re ,  
r e c e i v e d  near unanimous approva l .  The f i r s t  was the  
annual workshops where c u r r e n t  research  r e s u l t s  were 
presented  and d iscussed,  and t h e  second was the  
improved indus t ry -un ivers i ty -NASA r e l a t i o n s h i p s .  

t i o n e d  areas p l u s  o t h e r  b e n e f i t s  o r  comments for  
improvement f o l l o w .  

There was agreement t h a t  w i t h o u t  HOST 

Elements o f  HOST which were p a r t i c u -  

D iscuss ion  o f  comments r e c e i v e d  on the  above men- 
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Impact on Techn ica l  Unders tand ing  and P r e d i c t i v e  
C a p a b i l i t y  

Three-dimensional  i n e l a s t i c  s t r u c t u r a l  a n a l y s i s .  
I n e l a s t i c  o r  n o n l i n e a r  s t r u c t u r a l  analvses have l i m -  
i t e d ,  b u t  ve ry  impor tan t ,  app l i ca t i ons :  These analyses 
a r e  used p r i m a r i l y  f o r  s h o r t - l i f e  c y c l i c  a p p l i c a t i o n s  
where i t  may be accep tab le  t o  exceed the  e l a s t i c  l i m i t  
f o r  a f e w  c y c l e s .  For l o n g - l i f e  a p p l i c a t i o n s ,  however, 
hardware g e n e r a l l y  shou ld  be designed for  o p e r a t i o n  
w i t h i n  the  e l a s t i c  range.  But  even f o r  l o n g - l i f e  
a p p l i c a t i o n s  based on e l a s t i c  des ign ,  t h e r e  a re  occa- 
s ions  when th ree-d imens iona l  (3-D) i n e l a s t i c  a n a l y s i s  
may be needed. One occas ion  i s  when a s h o r t e r  than 
p r e d i c t e d  l i f e  i s  encountered. I n  t h i s  case an i n e l a s -  
t i c  a n a l y s i s  can o f t e n  p i n p o i n t  t he  prob lem area.  I n  
a d d i t i o n  a 3-D i n e l a s t i c  a n a l y s i s  can be u s e f u l  f o r  
de te rm in ing  s t r e s s  r e d i s t r i b u t i o n  when l o c a l  y i e l d i n g  
occu rs .  Thus fo r  such s p e c i a l  cases, 3-D i n e l a s t i c  
a n a l y s i s  can be a v e r y  impor tan t  des ign  t o o l .  

True th ree-d imens iona l  a n a l y t i c a l  methods have 
o n l y  become a v a i l a b l e  t o  eng ine  des ign  a n a l y s t s  w i t h i n  
t h e  l a s t  f e w  y e a r s - - a f t e r  t h e  HOST P r o j e c t  was i n i t i -  
a ted .  Several  approaches t o  3-D i n e l a s t i c  a n a l y s i s  
were pursued i n  the  p r o j e c t .  The b e s t  approach may 
n o t  be known for some t ime .  C u r r e n t l y  3-D i n e l a s t i c  
des ign  ana lyses  a r e  cumbersome, compl ica ted ,  and 
r e q u i r e  a g r e a t  deal  o f  computer t ime.  Consequent ly 
t h e r e  i s  some r e l u c t a n c e  on t h e  p a r t  o f  a n a l y s t s  t o  
use 3-D i n e l a s t i c  a n a l y s i s  un less  a b s o l u t e l y  neces- 
sa ry .  Wi th  t ime,  however, as des ign  a n a l y s t s  become 
more comfo r tab le  w i t h  t h i s  a n a l y s i s  approach, i t  
shou ld  be used more e x t e n s i v e l y .  
problems t h a t  occu r  e a r l y  d u r i n g  eng ine  development 
and l a t e r  f o r  p i n p o i n t i n g  t h e  cause and cure  f o r  f i e l d  
problems, when l o c a l  y i e l d i n g  i s  suspected t o  be occur -  
r i n g .  As a r e s u l t ,  3-D i n e l a s t i c  s t r u c t u r a l  a n a l y s i s  
has been r e p o r t e d  by p a r t i c i p a n t s  t o  be a s i g n i f i c a n t  
advancement t h a t  r e s u l t e d  from HOST. 

I t s  use i s  bo th  for  

Thermomechanical f a t i g u e  t e s t i n g .  I n  t h e  pas t ,  
mechanical  p r o p e r t i e s  o f  m e t a l l i c  m a t e r i a l s  have been 
de termined e x p e r i m e n t a l l y  u s i n g  s imp le r  mechanical and 
thermal  l oad  v a r i a t i o n s  than t h e  complex v a r i a t i o n s  
exper ienced i n  many eng ine  a p p l i c a t i o n s .  The need to  
improve eng ine  d u r a b i l i t y  r e q u i r e s  e v a l u a t i o n  o f  mate- 
r i a l  behav io r  and l i f e  under more r e a l i s t i c  c o n d i t i o n s .  
I n  the  HOST program, c o n t r a c t s ,  g ran ts ,  and NASA 
in-house research  were conducted on e v a l u a t i n g  m a t e r i a l  
behav io r ,  i n c l u d i n g  b o t h  c rack  p ropoga t ion  and m a t e r i a l  
de format ion ,  as a f u n c t i o n  o f  t ime,  under c y c l i c  b i a x -  
i a l  mechanical loads ,  and i n  numerous atmospher ic and 
c y c l i c  tempera ture  env i ronments .  C y c l i c  mechanical  
l oad ings  have i n c l u d e d  h i g h  f requency  loads superim- 
posed on lower f requency loads .  

The key o b j e c t i v e  o f  t h i s  research  was t o  g a i n  a 
b e t t e r  unders tand ing  o f  how and why c racks  deve lop  i n  
d i f f e r e n t  types  o f  m a t e r i a l s  exposed to  c y c l i c  tempera- 
t u r e  and mechanical  l o a d i n g  c o n d i t i o n s .  These d a t a  
can be the  b a s i s  o f  eng ineer ing  l i f e  p r e d i c t i o n s  meth- 
ods t h a t  can be a p p l i e d  t o  t h e  severe c o n d i t i o n s  i n  
the  eng ine  h o t  s e c t i o n .  
t i o n  o f  t he  research  suppor ts  the  development o f  v i sco -  
p l a s t i c  c o n s t i t u t i v e  models f o r  s t r u c t u r a l  a n a l y s i s .  

more r e a l i s t i c  c o n d i t i o n s  and w i t h  g r e a t e r  p r e c i s i o n  
than were he re to fo re  p o s s i b l e .  Accord ing  t o  some o f  
those i n t e r v i e w e d ,  t h e  d a t a  base o f  thermomechanical 
m a t e r i a l  p r o p e r t i e s  p l u s  exper imenta l  d a t a  from o t h e r  
phases o f  HOST program may be one of  t h e  m o s t  u s e f u l  
aspec ts  o f  t he  HOST P r o j e c t .  

The de fo rma t ion  t e s t i n g  por -  

These mechanical  p r o p e r t y  da ta  a r e  ob ta ined  under 

C o n s t i t u t i v e  model inq.  C o n s t i t u t i v e  model ing i s  
an a n a l y t i c a l  approach for  p r e d i c t i n g  s t resses  and 
s t r a i n s  as a f u n c t i o n  o f  t ime  under complex c y c l i c  
b i a x i a l  mechanical  l o a d i n g  and tempera ture  v a r i a t i o n s .  
The model ing i s  based on exper imenta l  thermomechanical 
de format ion  da ta .  Prior t o  t h e  HOST P r o j e c t  research  
on c o n s t i t u t i v e  mode l ing  was done p r i m a r i l y  a t  u n i v e r -  
s i t i e s ,  and n o t  a t  a i r c r a f t  eng ine  manufac turers .  HOST 
p rov ided  a team approach o f  i n d u s t r y ,  u n i v e r s i t i e s ,  
and NASA work ing  toge the r  t o  develop a c a p a b i l i t y  t h a t  
d i d  n o t  e x i s t  p r e v i o u s l y .  The aerospace i n d u s t r y  now 
has t h e  c a p a b i l i t y  t o  use n o n l i n e a r  c o n s t i t u t i v e  models 
of  bo th  i s o t r o p i c  and a n i s o t r o p i c  m e t a l l i c  m a t e r i a l s  
i n  i n e l a s t i c  s t r u c t u r a l  a n a l y s i s .  Th is  research  has 
p rov ided  a base t o  f u r t h e r  ex tend c o n s t i t u t i v e  model- 
i n g  t o  more complex m a t e r i a l s  such as metal  ma t r i ces .  
A s  a r e s u l t  o f  the  HOST P r o j e c t  NASA Lewis Research 
Center has become an impor tan t  c e n t e r ,  wor ldwide, for  
c o n s t i t u t i v e  model ing.  
c o n s t i t u t i v e  model ing t o  eng ine  companies, i t  has 
r e s u l t e d  i n  a c l o s e r  work ing  r e l a t i o n s h i p  between them 
and academia. 

Combustor aero thermal  model ing.  Research had been 
conducted p r i o r  to HOST on combustor mode l ing  aimed a t  
p r e d i c t i n g  d i l u t i o n  j e t  a i r f l o w  m i x i n g  w i t h  combust ion 
gases. Those mode l ing  s t u d i e s  were based on b u l k  aver-  
age tempera ture  measurements from j e t  m i x i n g  e x p e r i -  
ments. Such research  had g r e a t l y  d im in i shed  by t h e  
t ime o f  HOST i n i t i a t i o n .  I n  t h e  HOST P r o j e c t  a l l  f o u r  
engine manu fac tu r ing  companies were awarded c o n t r a c t s  
t o  assess t h e  s t a t e  o f  t h e  a r t  i n  combustor ae ro the r -  
mal model ing.  As a r e s u l t  o f  t h i s  assessment and add i -  
t i o n a l  research  w i t h  non reac t i ng  flows, aero thermal  
model ing i s  much b e t t e r  unders tood and i s  be ing  used 
th roughout  the  aerospace i n d u s t r y .  Th is  i s  n o t  t o  
say, however, t h a t  a l l  problems have been so lved.  The 
accura te  p r e d i c t i o n  o f  combustor aero thermal  perform- 
ance a long  w i t h  p r e d i c t i o n  o f  w a l l  tempera ture  l e v e l s  
and g r a d i e n t s  w i l l  r e q u i r e  f u r t h e r  improvement i n  
numerical  schemes w i t h  i n p u t  from exper imen ta l ,  f u l l y -  
s p e c i f i e d  r e a c t i n g  flow d a t a  t h a t  i s  n o t  y e t  a v a i l a -  
b l e .  HOST was te rm ina ted  b e f o r e  r e a c t i n g  gas flow and 
fue l  s w i r l  c h a r a c t e r i z a t i o n  d a t a  cou ld  be ob ta ined .  
However, a n a l y t i c a l  procedures have improved t o  the  
p o i n t  t h a t  one o r g a n i z a t i o n  i n d i c a t e d  the  use o f  th ree -  
dimensional  f l u i d  flow a n a l y s i s  i n  t h e  des ign  o f  com- 
bus to rs  t h a t  r e q u l r e d  a minimum o f  t e s t i n g .  

There was an a lmost  unanimous o p i n i o n  o f  those 
commenting on combustor mode l ing  t h a t  t he  HOST program 
was l o n g  overdue, and i t  spearheaded the  move toward 
an a n a l y t i c  c a p a b i l i t y  i n  combustor unders tand ing  and 
des ign  a n a l y s i s .  

Turb ine  heat  t r a n s f e r .  The HOST-sponsored a c t i v i -  
t i e s  i n  t u r b i n e  hea t  t r a n s f e r  encompassed n e a r l y  a l l  
aspec ts  o f  i n t e r n a l  and e x t e r n a l  heat  t r a n s f e r  i n  t u r -  
b i n e  a i r f o i l s .  Some o f  t he  research  c o n t r a c t s  and 
g ran ts  i n  the  o v e r a l l  program i n c l u d e d  e x t e r n a l  a i r -  
f o i l  heat  t r a n s f e r  w i t h  and w i t h o u t  f i l m  c o o l i n g ,  
impingement c o o l i n g ,  i n t e r a c t i o n  o f  r o t o r  and s t a t o r  
i n  a l a r g e  low speed t u r b i n e ,  c o r i o l i s  and buoyancy 
e f f e c t s  on heat  t r a n s f e r  i n  c o o l a n t  passages, hea t  
t r a n s f e r  w i t h  flow across  a moving a i r f o i l  t i p ,  and 
end w a l l  boundary l a y e r  s tud ies .  A s  a r e s u l t  o f  t h i s  
research  c o r r e l a t i o n s  have been developed t h a t  have 
r e s u l t e d  i n  s i g n i f i c a n t  improvement i n  accuracy o f  c a l -  
c u l a t e d  b lade metal  tempera tures .  A l s o  q u a l i t y  e x p e r i -  
mental da ta  s e t s ,  a long  w i t h  good documentat ion,  were 
developed t h a t  w i l l  f i n d  widespread use by heat  
t r a n s f e r  a n a l y s t s  i n  the  f u t u r e .  I t  i s  now p o s s i b l e  

HOST has n o t  o n l y  i n t roduced  
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as a r e s u l t  o f  HOST to  b e t t e r  c o n t r o l  l o c a l  tempera- 
t u r e s ,  which i n  t u r n ,  r e s u l t  i n  b e t t e r  c o n t r o l  o f  
b lade l i f e  and su r face  o x i d a t i o n .  

P r o t e c t i v e  coa t ings .  P r o t e c t i v e  c o a t i n g s  i n c l u d e  
bo th  thermal b a r r i e r  coa t ings ,  t o  reduce hea t  t rans -  
f e r ,  and o x i d a t i o n  r e s i s t a n t  c o a t i n g s .  Progress has 
been made on improv ing  coa t ings  and a b e t t e r  under- 
s tand ing  o f  i n t e r a c t i o n s  between coa t ings  and s t r u c -  
t u r a l  base m a t e r i a l s .  I n  a d d i t i o n ,  thermomechanical 
f a t i g u e  t e s t i n g  has been conducted on m a t e r i a l s  hav ing  
o x i d a t i o n  and thermal b a r r i e r  c o a t i n g s .  L i f e  p r e d i c -  
t i o n  models a re  be ing  developed. A s i d e  b e n e f i t  o f  
t h i s  research  was development o f  an awareness t h a t  
des igners  and m a t e r i a l s  research  personne l  must work 
more c l o s e l y  toge the r  i n  improv ing  l i f e  p r e d i c t i o n  
model s .  

Computer codes from t h e  HOST P r o j e c t .  The o u t p u t  
from HOST was t e c h n i c a l  i n f o r m a t i o n  i n  t h e  form o f  
research  r e p o r t s ,  exper imenta l  da ta  se ts ,  and computer 
codes. A requ i rement  i n  the  development o f  computer 
codes was i n s t a l l a t i o n  and o p e r a t i o n  o f  t h e  codes on 
one or more o f  t h e  f o l l o w i n g  NASA Lewis Research 
Center computers: Cray X-MP/2-4 w i t h  COS o p e r a t i n g  
system, Amdahl 5840 w i t h  VM o p e r a t i n g  system, or 
VAX 11-750. Th is  requ i rement  was aimed a t  making t h e  
codes m r e  g e n e r a l l y  a v a i l a b l e  and usab le .  I n  some 
cases t h e  o r i g i n a l  code development was on a more 
advanced computer model than the  one a t  NASA Lewis.  
M o d i f i c a t i o n  t o  make the  code r u n  a t  NASA Lewis would 
have t h e  advantage o f  making i t  workable on a w ider  
range o f  computers. 

worked as w e l l  as hoped. I n  some cases codes deve- 
loped by one o r g a n i z a t i o n  have been r e a d i l y  used by 
o t h e r  o r g a n i z a t i o n s .  These have g e n e r a l l y  been t h e  
s imp le r  codes. I n  o t h e r  cases, however, t he  codes 
from HOST have been o f  o n l y  l i m i t e d  b e n e f i t  t o  t h e  
nondeveloper o f  t h e  code. For the  more compl ica ted  
codes, i t  has been the  exper ience o f  NASA personnel  
t h a t  i t  takes  from 3 t o  12 months t o  debug and become 
f a m i l i a r  w i t h  codes s u p p l i e d  by HOST c o n t r a c t o r s  for  
the  NASA computers. A s i m i l a r  p e r i o d  o f  t ime  i s  
expected to be needed by o t h e r  users  o f  t h e  code even 
though cons ide rab le  debugging was accompl ished a t  
NASA. A shor tcoming w i t h  these codes i s  t h a t  suppor t  
s e r v i c e  cannot be p rov ided  by  t h e  deve loper  o r  NASA I n  
t h e  manner a v a i l a b l e  f o r  commercial codes. 

A comment made by one o f  those i n t e r v i e w e d  m igh t  
so l ve  t h i s  p rob lem of computer code suppor t .  I n  f u t u r e  
programs f u n d i n g  shou ld  be a l l o c a t e d  for  a commercial 
so f tware  company t o  adequa te l y  debug and document the  
more compl ica ted  computer codes. F u r t h e r ,  by pe rm i t -  
t i n g  t h e  so f tware  company t o  market t h e  code they  would 
be i n  a p o s i t i o n  t o  p r o v i d e  a c o n t i n u i n g  suppor t  and 
upda t ing  f u n c t i o n .  I n  t h i s  manner codes developed 
cou ld  be made a v a i l a b l e  and usab le  by i n t e r e s t e d  par-  
t i e s  over  an extended p e r i o d  o f  t ime .  

Most o f  those i n t e r v i e w e d  s t a t e d  t h a t  w i t h o u t  
code suppor t  t hey  cou ld  make o n l y  l i m i t e d  use o f  codes 
from HOST t h a t  they  themselves d i d  n o t  develop. Some 
o r g a n i z a t i o n s  d i d  s t a t e ,  however, t h a t  t hey  expected 
t o  r e w r i t e  p o r t i o n s  o f  some o f  t h e  codes o f  i n t e r e s t .  
Another i n t e r v i e w e r  s t a t e d  t h a t  a l t hough  a code may 
n o t  be d i r e c t l y  usab le  as developed by another  o rgan i -  
z a t i o n ,  i t  can be r e w r i t t e n  i n  about one -ha l f  t h e  t ime 
o r i g i n a l l y  r e q u i r e d  t o  w r i t e  t h e  code. 
s i b l e  t o  c a p i t a l i z e  on problems t h a t  may have been 
exper ienced by the  o r i g i n a l  programmer so t h a t  t he  
r e w r i t t e n  code w i l l  be s u p e r i o r  to t h e  o r i g i n a l .  

I n  p r a c t i c e  the  above desc r ibed  concept has n o t  

I t  a l s o  i s  pos- 

Impact on Engine Development Process 

Improved engine des ign  c a p a b i l i t y .  Both computer 
codes and exper imenta l  da ta  bases developed under t h e  
HOST P r o j e c t  have a l ready  been of va lue  i n  eng ine  
design. The impact i s  expected t o  be f e l t  for  years  
t o  come. Whi le t h e r e  a re  c e r t a i n  r e s e r v a t i o n s  r e l a t -  
i n g  t o  the  e x t e n t  o f  code development, t he  o v e r a l l  
techno logy  generated by HOST w i l l  con t i nue  to be use- 
f u l  th roughout  the  a i r c r a f t  eng ine  i n d u s t r y .  I t  i s  
c l e a r  t h a t  t he  va lue  of research  t h a t  has developed 
bo th  computer codes and exper imenta l  d a t a  bases has 
been g r e a t e s t  t o  those conduc t ing  the  research ,  b u t  
o t h e r  o r g a n i z a t i o n s  a re  c e r t a i n l y  making use o f  t h e  
research  r e s u l t s  t o  v a r y i n g  degrees. 

i n  the  combustor and t u r b i n e .  As a r e s u l t  o f  these 
c a p a b i l i t i e s  l e s s  exper imen ta t i on  i s  r e q u i r e d  i n  deve l -  
opment o f  the  components. I t  i s  expected t h a t  r e l i a -  
b i l i t y  w i l l  be improved because of  improvements i n  t h e  
p r e d i c t i o n  o f  temperatures and s t resses  from hea t  
t r a n s f e r ,  f l u i d  flow, and i n e l a s t i c  s t r e s s  ana lyses .  
A t  t h i s  t ime  the re  has n o t  been enough h i s t o r y  gener-  
a ted  to  determine if HOST has r e s u l t e d  i n  reduced main- 
tenance cos ts ,  one of  t he  goa ls  of the  p r o j e c t .  Bu t  
i t  i s  reasonab le  t o  expect t h a t  i f  d u r a b i l i t y  and r e l i -  
a b i l i t y  a r e  improved, maintenance cos ts  w i l l  be 
reduced. 

viewed i n d i c a t e d  t h a t  d a t a  bases generated f r o m  e x p e r i -  
ments i n  f l u i d  flow i n  the  combustor and t u r b i n e ,  
t u r b i n e  heat  t r a n s f e r ,  and thermomechanical f a t i g u e  
w i l l  be a t  l e a s t  as impor tan t  t o  a n a l y s t s  as the  com- 
p u t e r  codes generated from HOST c o n t r a c t s .  A s  men- 
t i o n e d  e a r l i e r  i n  t h i s  paper,  i t  w i l l  p robab ly  be some 
t ime b e f o r e  des igners  a r e  comfor tab le  w i t h ,  and w i l l  
r o u t i n e l y  use, some o f  t he  advanced computer codes 
t h a t  have been developed i n  HOST. 

Reduced engine development c o s t s .  Reduct ion  i n  
engine development costs was n o t  one o f  t h e  o r i g i n a l  
goa ls  o f  the  HOST P r o j e c t ,  b u t  i t  has become a poss i -  
b l e  s i g n i f i c a n t  s i d e  b e n e f i t .  The computer codes and 
da ta  bases developed i n  HOST have improved des ign  capa- 
b i l i t i e s  t o  the  e x t e n t  t h a t  l e s s  development t e s t i n g  
i s  expected for  new engines. However, reduced e x p e r i -  
mental  t e s t  cos ts  a re  counterba lanced by i nc reased  
computer cos ts  i n  the  des ign  a n a l y s i s  p rocess .  A com- 
p l e t e l y  c l e a r  p i c t u r e  has n o t  emerged i n  a l l  cases. 
P a r t  o f  t h i s  l a c k  o f  c l a r i t y  r e s u l t s  from severa l  f a c -  
t o r s :  ( 1 )  HOST has p layed a s i g n i f i c a n t  p a r t  i n  
improv ing  techno logy  i n  engine h o t  s e c t i o n s ,  b u t  i t  i s  
n o t  a s o l e  p l a y e r .  Other  in-house, Independent 
Research and Development (IR&D), and government spon- 
sored programs a re  a l s o  r e s u l t i n g  i n  improved techno l -  
ogy.  I t  i s  g e n e r a l l y  d i f f i c u l t  t o  q u a n t i t a t i v e l y  
d e f i n e  t h e  c o n t r i b u t i o n s  of HOST t o  o v e r a l l  improve- 
ments i n  techno logy ;  (2) Each new eng ine  development 
program u t i l i z e s  advances i n  techno logy  compared t o  
the  l a s t  eng ine  developed, o f ten  w i t h  i nc reased  com- 
p l e x i t y  and/or  designs t o  h i g h e r  l i m i t s  o f  tempera- 
t u r e ,  p ressure ,  s t r e s s ,  e t c .  Th i s  "moving t a r g e t "  
makes comparisons o f  development cos ts  w i t h  p rev ious  
engines d i f f i c u l t ;  ( 3 )  Computer c a p a b i l i t i e s  a r e  con- 
s t a n t l y  improv ing  and cos ts  t o  accompl ish comput ing 
tasks  a r e  decreas ing .  

c u l t  t o  draw d e f i n i t i v e  conc lus ions  as t o  whether,  o r  
how much, HOST has a c t u a l l y  reduced eng ine  development 
cos ts .  However, t he  f o l l o w i n g  a r e  in fo rmed o p i n i o n s  
t h a t  were presented  by some of those i n t e r v i e w e d :  

Design a n a l y s i s  c a p a b i l i t i e s  have been improved 

Comments rece ived  f rom a number o f  those i n t e r -  

Cons ide ra t i on  of a l l  these f a c t o r s  makes i t  d i f f i -  
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1 .  Compdting methods t h a t  have been developed 
under HOST have r e s u l t e d  i n  annual sav ings  o f  seve ra l  
m i l l i o n s  o f  d o l l a r s  i n  reduced computer t i m e  for  t h e  
r e q u i r e d  number o f  computer runs  i n  engine development 
programs. 

2.  A HOST-developed computer code t h a t  t rans fo rms  
temperatures from the  o u t p u t  of cou rse -g r id  f i n i t e  e l e -  
ment hea t  t r a n s f e r  analyses to the  i n p u t  o f  f i n e - g r i d  
f i n i t e  element s t r u c t u r a l  ana lyses  has reduced eng i -  
n e e r i n g  l a b o r  by 26 man-years p e r  yea r  for  one company. 

d imens iona l  f l u i d  flow and i n e l a s t i c  s t r e s s  analyses 
t h a t  r e s u l t  i n  more r e f i n e d  des igns  a r e  j u s t  about b a l -  
anced by  reduced exper imenta l  t e s t i n g  cos ts  for  these 
des igns  a t  t he  p resen t  t ime.  But  t h e  a n a l y t i c a l  cos ts  
a r e  .dropping r a p i d l y ,  so c o s t  sav ings  a r e  expected 
soon. 

4 .  I t  i s  es t ima ted  t h a t  i f  development o f  new 
engines had t o  use 1975 v i n t a g e  des ign  and t e s t i n g  
techno logy ,  t h e  c o s t  o f  eng ine  development would be 
approx ima te l y  t h r e e  t imes as h i g h  as p r e s e n t l y  exper- 
ienced when u s i n g  advanced techno logy  i n  which HOST 
has been a s i g n i f i c a n t  c o n t r i b u t o r .  The o v e r a l l  sav- 
i n g s  a r e  measured i n  b i l l i o n s  o f  d o l l a r s .  

5 .  I t  i s  reasonable t o  expec t  t h a t  improved pre-  
d i c t i v e  c a p a b i l i t y  i n  eng ine  des ign  can reduce t e s t i n g  
requ i rements .  I f  t h i s  improvement can e l i m i n a t e  j u s t  
one des ign  or t e s t - b u i l d  i t e r a t i o n  d u r i n g  a development 
o r  demonst ra to r  program, sav ings  o f  $250,000 or more 
can be reasonab ly  c la imed. Moreover, t he  c o s t  sav ings  
by e l i m i n a t i n g  one se rv i ce - revea led  d e f i c i e n c y  cou ld  
be an o r d e r  o f  magnitude g r e a t e r .  

cases ha rd  numbers can be generated for  c o s t  sav ings  
r e s u l t i n g  from HOST. 
i n f e r r e d  b u t  n o t  n e c e s s a r i l y  f i rm ly  documented. How- 
eve r ,  eng ine  manufac tur ing  company personne l  comments 
which r e l a t e  t o  engine development c o s t  r e d u c t i o n s  and 
sav ings  r e s u l t i n g  from reduc ing  se rv i ce - revea led  d e f i -  
c i e n c i e s  p rov ide  reasonab le  c e r t a i n t y  t h a t  p r o j e c t e d  
sav ings  a r i s i n g  from HOST-generated techno logy  w i l l  be 
orders of magnitude g r e a t e r  than the  cost o f  the  
p r o j e c t  i t s e l f .  

Impact on Technology T rans fe r  
Approx imate ly  250 t e c h n i c a l  research  r e p o r t s  have 

been w r i t t e n  i n  the  HOST P r o j e c t  and numerous computer 
codes have been generated. I n  a d d i t i o n  s i x  annual 
major workshops were h e l d  as w e l l  as a number o f  
mini-workshops devoted t o  a s i n g l e  a rea  o f  research .  
Because o f  t h e  l a r g e  at tendance o f  250 to  300 a t  each 
annual workshop, which had bo th  fo rma l  p r e s e n t a t i o n s  
and i n f o r m a l  d i scuss ions ,  t h e r e  was a maximum oppor tu -  
n i t y  for  i n f o r m a t i o n  exchange and techno logy  t rans -  
f e r .  Since r e p r e s e n t a t i v e s  from a l l  l a r g e  U.S. eng ine  
manufacturers,  as we l l  as many from academia, research  
i n s t i t u t e s ,  and government, a t tended these workshops, 
t h e r e  was p robab ly  a b e t t e r  t r a n s f e r  of techno logy  
than from any o t h e r  NASA-sponsored a i r c r a f t  engine 
research  or development p r o j e c t .  

There was a unanimous o p i n i o n  o f  those i n t e r v i e w e d  
t h a t  t h e  two-day workshops were h i g h l y  success fu l .  Not 
o n l y  were the  p resen ta t i ons  use fu l ,  b u t  t h e  in fo rmal  
d i scuss ions  t h a t  occur red  d u r i n g  breaks i n  t h e  presen- 
t a t i o n s  and d u r i n g  the  evening a f t e r  t he  p resen ta t i ons  
w e r e  deemed ex t remely  b e n e f i c i a l .  Some comments made 
by those in te rv iewed  i n c l u d e :  

3. Inc reased computer cos ts  u s i n g  th ree -  

From t h e  above comments i t  i s  obv ious  t h a t  i n  some 

I n  o t h e r  cases sav ings  can be 

1 .  "There h a s n ' t  been another  forum i n  the  U.S.  
t o  compare t o  t h e  HOST Annual Workshops t h a t  has 
brought  toge the r  t h e  r i g h t  m i x  o f  people t o  d i scuss  
research  o f  common i n t e r e s t . "  

t h i n k i n g  and p l a n n i n g  by b o t h  NASA and i n d u s t r y .  
once-a-year c o n t a c t  between i n d u s t r y  and academia i s  
o f  g r e a t  va lue . "  

pants  t h a t  take  p l a c e  a t  t he  c o f f e e  breaks a r e  of such 
s i g n i f i c a n t  b e n e f i t  t h a t  NASA should cons ider  inc reas-  
i n g  the  number o f  c o f f e e  breaks and p r o v i d i n g  more 
i n fo rma l  ge t - toge the rs . "  

4 .  "HOST workshops have p rov ided  an e x c e l l e n t  
fo rum fo r  p r o b i n g  d i scuss ions  and the  " g i v e  and take"  
necessary t o  genera te  u s e f u l  knowledge and understand- 
i n g  for  a l l  p a r t i c i p a n t s  o f  the  advantages and d lsad-  
vantages o f  v a r i o u s  approaches. These d i scuss ions  
have a ided  companies t o  eva lua te  the  d i r e c t i o n s  of 
t h e i r  own research . "  

5 .  "The workshops a r e  u s e f u l  i n  p r o v i d i n g  and 
deve lop ing  r e l a t i o n s h i p s  w i t h  peers from o t h e r  o r g a n i -  
z a t  i ons , 1 n c l  u d i  ng NASA. " 

because t h e  t e c h n i c a l  community i s  b e t t e r  represented  
than a t  s o c i e t y  meet ings . "  

t h a t  one o f  t h e  b i g  s t reng ths  o f  t he  HOST P r o j e c t  was 
n o t  o n l y  t h e  research  and techno logy  generated, b u t  
t h e  t i m e l y  d i ssemina t ion  o f  t h i s  i n f o r m a t i o n  th rough 
fo rmal  p r e s e n t a t i o n s  and in fo rma l  d i scuss ions  i n  the  
workshops. 

2 .  "Workshops p r o v i d e  an annual update i n  the  
Th is  

3 .  "The casual  conversa t ions  w i t h  o t h e r  p a r t i c i -  

6. "The HOST workshops a re  ex t remely  e f f e c t i v e  

From t h e  above sampl ing o f  comments i t  i s  e v i d e n t  

Impact on Indus t ry -Un ivers i ty -Government  P a r t n e r s h i p  

Improved r e l a t i o n s h i p s .  There was a consensus 
t h a t  t he  HOST P r o j e c t ,  l a r g e l y  th rough t h e  workshops, 
s u b s t a n t i a l l y  improved r e l a t i o n s h i p s  o f  personne l  i n  
i n d u s t r y ,  academia, and government. The program a l s o  
p rov ided  o p p o r t u n i t i e s  for  u n i v e r s i t y  p ro fesso rs  t o  
work d i r e c t l y  wi th eng ine  manufac turers .  Th is  a r range-  
ment was a doub le  b a r r e l l e d  b e n e f i t ;  t he  companies were 
ab le  t o  c a p i t a l i z e  on p resen t  and p rev ious  u n i v e r s i t y  
research ,  and t h e  p ro fesso rs  developed a b e t t e r  under- 
s tand ing  o f  t h e  environment and problems o f  eng ine  
manufac turers  which they  cou ld  pass on t o  t h e i r  
s tuden ts .  

One u n i v e r s i t y  p r o f e s s o r  s t a t e d  t h a t  he, a l o n g  
w i t h  o t h e r s ,  had h e l d  d l scuss ions  f o r  a number o f  
years  on how to  g e t  b e t t e r  i n t e r a c t i o n  between indus- 
t r y  and u n i v e r s i t i e s .  He then sa id ,  "HOST d i d  i t ! "  
As a r e s u l t ,  he f e e l s  t h a t  companies and u n i v e r s i t i e s  
a re  now work ing  toge the r  b e t t e r .  

improved r e l a t i o n s  between i n d u s t r y  and u n i v e r s i t i e s ,  
severa l  a l s o  commented t h a t  the  HOST program improved 
t h e i r  r e l a t i o n s h i p  w i t h  NASA. I n  a d d i t i o n  severa l  were 
very  complementary about the  NASA o r g a n i z a t i o n  and man- 
agement o f  t he  HOST program. They f e l t  t h a t  t h e  pro- 
gram was w e l l  conceived, and the  NASA managers were 
bo th  knowledgeable and h e l p f u l  i n  overcoming problems 
t h a t  developed d u r i n g  the  course o f  i n v e s t i g a t i o n s .  

Enthusiasm o f  p a r t i c i p a n t s .  E s s e n t i a l l y  everyone 
i n t e r v i e w e d  showed enthusiasm f o r  t he  HOST P r o j e c t ,  
b u t  t he  degree o f  enthusiasm d i f f e r e d  bo th  by 

A l though m o s t  o f  those i n t e r v i e w e d  emphaslzed the  
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o r g a n i z a t i o n  and i n d i v i d u a l .  Among the  l a r g e r  o rgan i -  
z a t i o n s  t h e r e  appeared t o  be a genera l  c o r r e l a t i o n  
between enthusiasm and the  degree o f  p a r t i c i p a t i o n  
(number o f  c o n t r a c t s )  i n  HOST. There i s  some i n d i c a -  
t i o n  t h a t  t h e  o r g a n i z a t i o n a l  enthusiasm a l s o  may be 
s i g n i f i c a n t l y  i n f l u e n c e d  by the  degree o f  enthusiasm 
o f  t h e  HOST c o o r d i n a t o r  for  t h a t  o r g a n i z a t i o n .  I t  has 
been i n d i c a t e d  by  NASA personne l  t h a t  t he  same o rgan i -  
z a t i o n a l  enthusiasm was e v i d e n t  p r i o r  t o  award o f  con- 
t r a c t s .  I t  seems t h a t  enthusiasm by a leader  i s  
con tag ious .  

I t  appeared t h a t  those i n t e r v i e w e d  from u n i v e r s i -  
t i e s ,  on t h e  average, showed a g r e a t e r  degree o f  enthu- 
s iasm than those from i n d u s t r y ,  p o s s i b l y  because 
u n i v e r s i t y  personne l  l e s s  o f t e n  have the  o p p o r t u n i t y  
t o  be i n v o l v e d  w i t h  a p r o j e c t  o f  the  magnitude o f  HOST. 
Other  reasons for  t h e i r  en thus iam were expressed i n  
t h e i r  i n t e r v i e w s .  For some i t  was the  f irst oppor tu -  
n i t y  for  t h e  r e s u l t s  o f  t h e i r  research  t o  be used 
d i r e c t l y  by an i n d u s t r i a l  concern.  To f i n d  t h a t  what 
you a r e  do ing  i s  u s e f u l  t o  a l a r g e  o r g a n i z a t i o n  cer -  
t a i n l y  can be e x h i l a r a t i n g .  HOST a l s o  p e r m i t t e d  some 
researchers  f r o m  u n i v e r s i t i e s  to depar t  somewhat from 
t h e i r  m r e  academic a c t i v i t i e s  and work on r e a l  prob- 
lems r e l e v a n t  t o  i n d u s t r i a l  concerns.  Th is  type  o f  
work and i n t e r a c t i o n  w i t h  eng ine  manufac turers  has the  
added b e n e f i t  o f  b r i n g i n g  " t h e  r e a l  wor ld "  i n t o  the  
c lassroom to  gu ide  s tuden ts  i n  the  d i r e c t i o n s  o f  prob- 
lems p r e s e n t l y  f a c i n g  a t  l e a s t  one segment o f  the  
i n d u s t r i a l  wor ld .  Another b e n e f i t  i n c l u d e d  g u i d i n g  
some graduate  s tuden ts  towards employment i n  the  a i r -  
c r a f t  eng ine  i n d u s t r y  because o f  t h i s  exposure.  

p r o f e s s o r s  has been t h e  workshops. A t  these annual 
meet ings  t h e r e  has been o p p o r t u n i t y  for  i n t e r a c t i o n  
w i th  a p p r o p r i a t e  q u a l i t y  and q u a n t i t y  o f  i n d u s t r i a l  
pe rsonne l .  For some t h i s  has been a new exper ience.  
P rev ious  r e l a t i o n s  w i t h  i n d u s t r i a l  personne l  had been 
on a more l i m i t e d  b a s i s  t o  a few peop le  they  have met 
a t  s o c i e t y  meet ings ,  or t o  a few eng ineers  i n  an indus- 
t r y  where t h e y  have had a c o n t r a c t .  Genera l l y ,  they  
never have had t h e  o p p o r t u n i t y  t o  i n t e r a c t  w i t h  so 
many q u a l i t y  peop le  from i n d u s t r y  hav ing  i n t e r e s t s  s i m -  
i l a r  t o  t h e i r s .  

A f a c t o r  i n f l u e n c i n g  the  enthusiasm o f  u n i v e r s i t y  

Cons ide ra t i ons  for  Fu tu re  C o n t r a c t  Ef for ts 
A l thouah most comments r e c e i v e d  i n  t h e  i n t e r v i e w s  

were f a v o r a 6 l e  on how t h e  HOST P r o j e c t  was conducted 
and on t h e  r e s u l t s  ob ta ined ,  some comments rece ived  
cou ld  p o s s i b l y  p r o v i d e  some improvements r e l a t i v e  t o  
HOST i n  f u t u r e  c o n t r a c t  e f f o r t s .  

An o f t e n  expressed comment from those i n t e r v i e w e d  
concerned t h e  ea r l i e r - than -expec ted  t e r m i n a t i o n  o f  t he  
HOST P r o j e c t  because o f  NASA budgetary  cons ide ra t i ons .  
Because o f  t h i s  e a r l y  t e r m i n a t i o n  some programs were 
n o t  a b l e  t o  be completed. The main concerns expressed 
were ( 1 )  exper imenta l  v e r i f i c a t i o n  o f  computer codes 
i s  incomple te ,  and ( 2 )  r e a c t i o n  k i n e t i c s  was n o t  inves-  
t i g a t e d  i n  t h e  combustor aero thermal  mode l ing  programs 
as o r i g i n a l l y  planned. A t  t h i s  t ime i t  i s  u n c e r t a i n  
when t h i s  added research  can be completed. I t  may take  
yea rs  b e f o r e  funds  a r e  a v a i l a b l e  t o  conduct t he  
research .  I t  would c e r t a i n l y  be b e n e f i c i a l  i n  f u t u r e  
programming e f f o r t s  t o  t r y  t o  a v o i d  e a r l y  t e r m i n a t i o n  
o f  success fu l  p r o j e c t s .  

A s  ment ioned e a r l i e r ,  concern was expressed by 
some o f  t h e  n o n p a r t i c i p a n t s  i n  i n s t r u m e n t a t i o n  
research .  Th is  research  was deemed to  be o f  l i t t l e  
va lue  t o  those except  for  the  deve loper  because the  
i ns t rumen ts  developed were n o t  a v a i l a b l e  for  purchase. 
Cons ide ra t i on  should be g i ven  i n  program p l a n n i n g  to 
eva lua te  the  probab le  b e n e f i t s  t o  a l l  p a r t i c i p a n t s  or 

t o  encourage t h i r d - p a r t y  manu fac tu r ing  o f  such develop- 
i n g  techno logy .  

two i n d i v i d u a l s  may n o t  be a consensus o f  those i n t e r -  
viewed, b u t  many have m e r i t  and r e q u i r e  c o n s i d e r a t i o n  
for  f u t u r e  c o n t r a c t  e f f o r t s :  

1 .  Rather than fund so many research  areas as i n  
HOST, fewer areas shou ld  be more generous ly  funded. 

2 .  HOST was wor thwh i l e ,  b u t  from the  company 
s tandpo in t  the  b e n e f i t  would have been g r e a t e r  w i t h  a 
hardware-or ien ted  program t h a t  would have r e s u l t e d  i n  
an advanced engine t h a t  cou ld  be marketed. ( I t  shou ld  
be p o i n t e d  o u t  t h a t  t h i s  was a m i n o r i t y  comment. Many 
more o f  those i n t e r v i e w e d  s t ressed  the  va lue  o f  a 
research -o r ien ted  program.) 

3. More funds  should have been made a v a i l a b l e  i n  
HOST for  techno logy  t r a n s f e r  f r o m  the  o r g a n i z a t i o n  
do lng  t h e  research  t o  o t h e r  o r g a n i z a t i o n s .  As s t a t e d  
e a r l i e r  i n  t h i s  paper. f u n d i n g  o f  an o r g a n i z a t i o n  t o  
p r o v i d e  suppor t  and upda t ing  o f  computer programs 
would be ex t reme ly  b e n e f i c i a l .  

any g r e a t  e x t e n t  i n  HOST un less  they  teamed w i t h  a 
l a r g e r  o r g a n i z a t i o n .  

mated cos ts  r a t h e r  than on t h e  o r g a n i z a t i o n ' s  c a p a b i l i -  
t i e s  and e x p e c t a t i o n s  o f  p roduc ing  a l l  t h a t  was 
promi sed i n  the  p roposa l .  

6. B u i l d i n g  NASA in-house f a c i l i t i e s  was overdone, 
p a r t i c u l a r l y  f o r  thermomechanical f a t i g u e  t e s t i n g .  

A l though n o t  a l l  o f  t h e  above comments may be o f  
a p o s i t i v e  n a t u r e ,  t h e r e  may be m e r i t  t o  many, and a l l  
shou ld  be g i v e n  c o n s i d e r a t i o n .  

SUMMARY OF FINDINGS 

The f o l l o w i n g  comments expressed by o n l y  one o r  

4 .  Smal l  o r g a n i z a t i o n s  c o u l d  n o t  p a r t i c i p a t e  t o  

5. Some c o n t r a c t s  were awarded based upon e s t i -  

From i n t e r v i e w s  conducted w i t h  41 i n d u s t r y ,  u n i -  
v e r s i t y ,  and government personne l  s o l i c i t i n g  t h e i r  
views on t h e  impact o f  HOST the  major  f i n d i n g s  can be 
summarized as f o l l o w s :  

1 .  There was 100 pe rcen t  agreement t h a t  t h e  HOST 

2. The HOST approach f o r  expending research  funds  

P r o j e c t  was h i g h l y  success fu l  and wor thwh i l e .  

was v e r y  e f f e c t i v e .  The emphasis on research  r a t h e r  
than hardware development was viewed by seve ra l  i n t e r -  
viewed as t h e  r o l e  NASA research  cen te rs  shou ld  take  
t o  p r o v i d e  l o n g  l a s t i n g  b e n e f i t s  t o  the  a i r c r a f t  indus- 
t r y .  
goal  and many o f  t he  o r g a n i z a t i o n s  hav ing  s i m i l a r  pro- 
grams l e d  t o  "c ross  f e r t i l i z a t i o n "  t h a t  improved the  
research  for  each o r g a n i z a t i o n .  

3. HOST y i e l d e d  advantages ove r  t r a d i t i o n a l  
research  and techno logy  con t rac ted  e f f o r t s  by p r o v i d -  
i n g  a focus  and a c c e l e r a t i o n  t o  problems i n v o l v i n g  the  
e n t i r e  h o t  s e c t i o n  o f  engines. I n  a d d i t i o n  HOST 
r e s u l t e d  i n  a work ing  r e l a t i o n s h i p  between i n d u s t r y ,  
academia, and government n o t  p r e v i o u s l y  exper ienced.  

4. The annual workshops were a major  c o n t r i b u t o r  
t o  t h e  success o f  HOST. C r i t i q u e s  o f  t h e  r e s u l t s  p re-  
sented were an a i d  i n  deve lop ing  improved programs. 

Having many o r g a n i z a t i o n s  work ing  t o  a common 
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The i n f o r m a t i o n  was d i s t r i b u t e d  t o  a l l  concerned i n  a 
more t i m e l y  manner than w a i t i n g  u n t i l  r e p o r t s  were com- 
p l e t e d  and d i s t r i b u t e d .  The l a r g e  ga the r ings  o f  h i g h l y  
q u a l i f i e d  research  personne l  f rom a l l  ma jor  o rgan iza-  
t i o n s  hav ing  a common goal  o f  improved eng ine  r e l i a b i l -  
i t y  p rov ided  a t i m e l y  i n te rchange  o f  i n f o r m a t i o n .  

5.  The computer codes and da ta  bases t h a t  were 
generated w i l l  be u s e f u l  to a n a l y s t s  f o r  years  t o  come. 
However, some o f  t he  l a r g e r  codes may n o t  be used by 
o r g a n i z a t i o n s  which d i d  n o t  deve lop  then because of 
l a c k  o f  code suppor t .  These computer codes cou ld  have 
been made more u s e f u l  by b r i n g i n g  i n  commercial soft- 
ware companies t o  p r o v i d e  code suppor t ,  t o  keep the  
codes updated, and t o  market them f o r  genera l  use. 

agement. The program managers were deemed t o  be tech- 
n i c a l l y  competent and h e l p f u l  i n  overcoming problems 
t h a t  developed i n  v a r i o u s  c o n t r a c t s .  

were f a v o r a b l e ,  comments c r i t i c a l  o f  t h e  p r o j e c t  a l s o  
may have m e r i t  and shou ld  be g i ven  c o n s i d e r a t i o n  i n  
f u t u r e  government sponsored p r o j e c t s .  

8.  A s i d e  b e n e f i t  o f  HOST has been t h e  p o t e n t i a l  
for  s i g n i f i c a n t l y  reduc ing  t h e  c o s t  o f  eng ine  develop- 
ment u s i n g  advanced des ign  techn iques  developed by 
HOST-sponsored research .  

9 .  The c o s t  r e d u c t i o n s  i n  engine development 
p l u s  sav ings  f rom reduc ing  se rv i ce - revea led  d e f i c i e n -  
c i e s  ( a  r e s u l t  o f  b e t t e r  p r e d i c t i v e  c a p a b i l i t y  i n  
eng ine  des ign)  a r e  p r o j e c t e d  t o  be o rde rs  o f  magnitude 
g r e a t e r  than the  c o s t  o f  t h e  HOST P r o j e c t .  

6 .  NASA was lauded f o r  program concept and man- 

7 .  Whi le most o f  the  comments on the  HOST P r o j e c t  

10. A t  t h e  p resen t  t ime  t h e r e  a r e  n o t  d e f i n i t i v e  
answers t o  t h e  ques t i on  o f  whether t h e  goa ls  o f  the  
HOST P r o j e c t  o f  improved eng ine  r e l i a b i l i t y  and reduced 
maintenance cos ts  have been met because engines have 
n o t  y e t  been produced t h a t  u t i l i z e  the  improved tech- 
no logy  r e s u l t i n g  from HOST. There i s  reason t o  
b e l i e v e ,  however, t h a t  t h e  s u p e r i o r  des ign  techn iques  
coming f rom HOST research  can r e s u l t  i n  b e t t e r  eng ine  
r e l i a b i l i t y ,  improved f l i g h t  s a f e t y ,  and u l t i m a t e l y  
reduced maintenance costs. 

CONCLUDING REMARKS 

The HOST P r o j e c t  a c t i v i t i e s  encompassed resear -  
chers f rom i n d u s t r y ,  academia, and government. Per- 
haps due t o  the  s i z e  and v i s i b i l i t y  as w e l l  as t h e  

d i f f i c u l t  t e c h n i c a l  cha l lenges  o f  t he  p r o j e c t ,  h igh-  
c a l i b e r  peop le  were i nvo l ved ,  i n c l u d i n g  l e a d i n g  
exper t s  i n  each d i s c i p l i n e .  Th is  q u a l i t y  o f  t h e  
researchers  was always apparent i n  the  techno logy  
developed. 

can i n c l u d e  one or more o f  t he  f o l l o w i n g :  h ighe r -  
tempera ture  m a t e r i a l s ,  more e f f e c t i v e  c o o l i n g  tech- 
n iques ,  advanced s t r u c t u r a l  des ign  concepts,  and 
improved des ign  a n a l y s i s  t o o l s .  Because o f  t h e  poten- 
t i a l  ga ins  and perhaps because o f  the  t i m e l y  g rowth  i n  
computer hardware and a v a i l a b i l i t y ,  t h e  HOST P r o j e c t ' s  
approach was on improved des ign  a n a l y s i s  tools.  
b e t t e r  understand the  phys i cs  i n v o l v e d  i n  the  develop- 
ment o f  these des ign  a n a l y s i s  t o o l s  f o r  combustors and 
t u r b i n e s ,  h i g h - q u a l i t y  exper iments were o f t e n  con- 
ducted. E a r l y  p r o j e c t  p lans  i nc luded  s i g n i f i c a n t  t e s t -  
i n g  i n  the  new High Pressure F a c i l i t y  a t  NASA Lewis 
Research Center .  However, t e c h n i c a l  problems t h a t  l i m -  
i t e d  f u l l  t e s t i n g  c a p a b i l i t y ,  l i m i t e d  o p e r a t i n g  funds ,  
and a move toward l e s s  component t e s t i n g  a t  Lewis l e d  
t o  m o t h b a l l i n g  o f  t he  f a c i l i t y  e a r l y  i n  1986. Th is  
had a s i g n i f i c a n t  impact on HOST, f i rs t ,  i n  g r e a t l y  
reduc ing  model/code v e r i f i c a t i o n  t e s t i n g  and, second, 
i n  reduc ing  immediate use o f  HOST-developed instrumen- 
t a t i o n  for  h o t  s e c t i o n  research .  

Most research  r e s u l t s  f rom HOST were gener i c .  
They were a p p l i e d  t o  bo th  l a r g e  and smal l  t u r b i n e  
eng ines .  
o f  t h e  HOST P r o j e c t  for  d u r a b i l i t y  improvements i n  the  
Space S h u t t l e  Main Engine as w e l l  as des ign  a n a l y s i s  
o f  an advanced communications techno logy  s a t e l l i t e .  
There a re ,  however, unique d u r a b i l i t y  cha l lenges  i n  
smal l  t u r b i n e  engines which cou ld  n o t  be addressed i n  
HOST because o f  fund ing  c o n s t r a i n t s .  
i n c l u d e  h i g h e r  t u r b i n e  b lade at tachment s t resses ,  
f a s t e r  thermal  t r a n s i e n t s ,  and d i f f e r e n t  m a t e r i a l s .  
Such cha l lenges  i n  today ' s  smal l  engines a re  b e l i e v e d  
t o  be t h e  cha l lenges  i n  tomor row 's  l a r g e  engines. 

Exper ience has shown t h a t ,  i n  genera l ,  develop- 
ment o f  new des ign  a n a l y s i s  t o o l s  i s  f o l l o w e d  by s low 
user  acceptance. 
some aspec ts  o f  t he  HOST P r o j e c t .  Sometimes accept-  
ance t ime  i s  reduced d u r i n g  a c r i s i s ,  such as 
i n - s e r v i c e  engine problems. 

a l r e a d y  been r e a l i z e d ,  a d d i t i o n a l  r e t u r n  l i e s  i n  t h e  
f u t u r e  as a n a l y s t s  use HOST codes more, and as such 
codes a re  used as t h e  b a s i s  for  deve lop ing  new codes 
f o r  des ign  a n a l y s i s  a p p l i c a b l e  t o  h igh- tempera ture  com- 
p o s i t e  and s t r u c t u r a l  ceramic m a t e r i a l s .  Technology 
development for  these m a t e r i a l s  was o u t s i d e  the  scope 
o f  the  HOST P r o j e c t .  

The approach to address ing  d u r a b i l i t y  cha l lenges  

To 

I n  a d d i t i o n  c e r t a i n  codes were used o u t s i d e  

These cha l lenges  

Th is  slow acceptance has appeared i n  

Whi le a r e t u r n  on the  inves tment  i n  HOST has 
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