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Improved tu rb ine  d u r a b i l i t y  and performance and reduced development cos t  
w i l l  a l l  r e s u l t  from improved methods o f  p r e d i c t i n g  t u r b i n e  metal temperatures, 
As you know, b e t t e r  metal temperature p r e d i c t i o n  methods r e q u i r e  improvements 
i n  t h e  methods of p r e d i c t i n g  the  ho t  gas f l o w  over t h e  t u r b i n e  a i r f o i l s  and 
t h e  coo l i ng  a i r  f low i n s i d e  the  a i r f o i l  and i n  t h e  methods o f  p r e d i c t i n g  t h e  
heat  t r a n s f e r  ra tes  on both the  ho t  gas-side and coolant-s ide o f  t h e  a i r f o i l .  
The o v e r a l l  HOST Turbine Heat Transfer  e f f o r t  i s  d i r e c t e d  a t  improving a l l  
f o u r  of these areas o f  concern. 

Achievement of these improvements requ i res  a r i go rous  and systematic 
research e f f o r t  from both t h e  experimental  and a n a l y t i c a l  sides. The exper i -  
mental approach being pursued s t a r t s  w i t h  fundamental experiments us ing  simple 
shapes and f l a t  p la tes ;  progresses on t o  more r e a l i s t i c  co ld,  warm, o r  h o t  
cascades us ing a i r f o i l s ;  cont inues t o  progress on t o  more r e a l i s t i c  warm t u r -  
bine, l a rge  low-speed tu rb ine ,  o r  t r a n s i e n t  t u r b i n e  t e s t s ;  and f i n a l l y  com- 
bines a l l  t he  i n t e r a c t i v e  e f f e c t s  i n  real-engine o r  real-engine t ype  t u r b i n e  
tes ts .  A n a l y t i c a l  approaches being pursued a l so  s t a r t  w i t h  r e l a t i v e l y  s imple 
mathematical models and progress t o  more r e a l i s t i c  cases t h a t  inc lude more 
i n t e r a c t i v e  e f f e c t s ,  and f i n a l l y  combines a l l  t h e  i n t e r a c t i v e  e f f e c t s  o f  t h e  
t u r b i n e  opera t ing  i n  t h e  r e a l  engine environment. 

The HOST Turbine Heat Trans fer  Subproject schedule showing the  c u r r e n t  
a c t i v i t i e s  i s  inc luded i n  t h e  attached f i gu res .  Each l i n e  on tne  f i g u r e  re -  
presents a separate cont rac t ,  grant,  o r  NASA Lewis in-house e f f o r t .  The d o t t e d  
b locks  i n d i c a t e  f u t u r e  p o t e n t i a l  con t rac t  o r  g ran t  a c t i v i t i e s .  Current ly ,  
c o n t r a c t  and grant  e f f o r t s  a re  being conducted t o  o b t a i n  fundamental exper i -  
mental da ta  and t o  develop and/or assess a n a l y t i c a l  t o o l s  i n  a l l  f o u r  areas o f  
concern. These con t rac t  and grant  a c t i v i t i e s  w i l l  be discussed i n  d e t a i l  
l a t e r  i n  t h i s  meeting by t h e  respec t i ve  p r i n c i p a l  i nves t i ga to rs .  

NASA Lewis in-house t u r b i n e  research e f f o r t s  are being pursued t o  o b t a i n  
more r e a l i s t i c  warm t u r b i n e  and real-engine type t u r b i n e  experimental  data. 
The major t u r b i n e  research parameters o f  i n t e r e s t  t h a t  w i l l  be measured o r  
determined t o  p rov ide  t h i s  b e t t e r  understanding o f  t h e  aerothermal loads on 
a i r -coo led  a i r f o i l s  are t h e  f o l l o w i n g :  

1) l o c a l  h o t  gas f l o w  v e l o c i t i e s  and secondary f lows,  
2)  l o c a l  ho t  gas recovery temperature along t h e  a i r f o i l  surfaces and o t h e r  

h o t  gas path surfaces, 
3 )  l o c a l  t o t a l  and r a d i a t i o n  heat f l u x e s  t o  the '  a i r f o i l s  and o ther  h o t  gas 

pa th  surfaces, and 
4 )  l o c a l  a i r f o i l  w a l l  temperatures. 

Very l i t t l e  o r  none o f  t h i s  type experimental  research i n fo rma t ion  e x i s t s  w i t h  
c o n t r o l l e d  warm o r  real-engine t ype  cond i t i ons  and known boundary cond i t ions .  
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These in-house turbine research efforts will be conducted using the best 
available analyses to help define the test configurations, the types of 
research measurements, and for comparisons with the measured research results. 
Initially, analytical efforts will use the best available flow and heat trans- 
fer codes such as a twoor three-dimensional inviscid flow code and a two- or 
three-dimensional boundary layer heat transfer code. These analyses will be 
applied at the mid-span section and possibly at the hub and tip sections or 
other local zones of the hot gas flow path. More sophisticated three- 
dimensional viscous codes and three-dimensional viscous codes with boundary 
layer resolution will be used as they become available. These analytical 
efforts will be conducted using the best available source or sources in-house 
and on contract with industry and universities. 

An Airfoil Metal Temperature Runoff effort is planned to start in 1985, 
This Airfoil Metal Temperature Runoff effort will be initiated using an all- 
impingement cooled static airfoil configuration and a multipass cooled rotating 
airfoil. Both of these air-cooled airfoils will use NASA conceived profiles 
and no film cooling initially. This program will provide engine manufacturers 
with an opportunity, through contracts and/or cooperative agreements, to assess 
and improve their analytical tools used to predict airfoil metal temperatures. 
The results of these assessments will be accumulated as an industry uncertainty 
band from the experimental data with the individual contributors predictions 
remaining known only to the individual contributor. Contracted contributors 
would be required to identify the analytical tools used and the uncertainty 
1 eve1 s obtained. 
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