
GAS-SIDE HEAT TRANSFER WITH ROTATION 

Robert P. Dring 
United Technologies Research Center 

The primary b a s i s  f o r  h e a t  t r a n s f e r  a n a l y s i s  of t u r b i n e  b lades  i s  experimental  
d a t a  obtained i n  l i n e a r  cascades.  These d a t a  have been very  va luab le  i n  i d e n t i f y i n g  
t h e  major h e a t  t r a n s f e r  and f l u i d  flow f e a t u r e s  of a  t u r b i n e  a i r f o i l .  The ques t ion  
of major i n t e r e s t  i s  how we l l  a l l  of t hese  d a t a  t r a n s l a t e  t o  t h e  r o t a t i n g  t u r b i n e  
b lade .  It i s  known from t h e  work of Lokay and Trushin ( r e f .  1 )  t h a t  average h e a t  
t r a n s f e r  c o e f f i c i e n t s  on t h e  r o t o r  may be a s  much a s  40 percent  above t h e  va lues  
measured on t h e  same b lades  non-rotat ing.  Recent work by Dunn and Holt  ( r e f .  2,) sup- 
p o r t s  t h e  Russian conclusion.  What i s  l ack ing  i s  a  s e t  of d a t a  from a r o t a t i n g  
system which i s  of s u f f i c i e n t  d e t a i l  a s  t o  make c a r e f u l  l o c a l  comparisons between 
s t a t i c  cascade and r o t o r  b lade  h e a t  t r a n s f e r .  I n  a d d i t i o n ,  d a t a  i s  needed i n  a  ro- 
t a t i n g  system i n  which t h e r e  i s  s u f f i c i e n t  documentation of t h e  flow f i e l d  t o  support  
t h e  computer ana lyses  being developed today. A second major ques t ion  i s  t h e  i n f l u -  
ence, i f  any, of  t h e  f i r s t  s t a t o r  row on t h e  h e a t  t r a n s f e r  of t h e  second s t a t o r  row 
a f t e r  t h e  flow has  passed through t h e  r o t o r .  

The f i r s t  o b j e c t i v e  of t h e  p re sen t  program, i s  t o  o b t a i n  a  d e t a i l e d  s e t  of h e a t  
t r a n s f e r  c o e f f i c i e n t s  a long t h e  midspan of a  b lade  i n  a  r o t a t i n g  t u r b i n e .  The tu r -  
b ine  s t a g e  t o  be  examined i s  t h a t  of  Dring e t  a l .  ( r e f .  31, a s  shown i n  f i g u r e  1. 
Aerodynamic t e s t i n g  of t h i s  s t a g e  has  a l r eady  been conducted t o  document, among o t h e r  
t h i n g s ,  t h e  impact of r o t o r - s t a t o r  i n t e r a c t i o n  on t h e  a i r f o i l  unsteady p re s su re  d i s -  
t r i b u t i o n s .  The time averaged and unsteady p re s su re  envelopes a r e  shown i n  f i g u r e  2 .  
The r o t o r  h e a t  t r a n s f e r  d a t a  a r e  t o  be  such t h a t  they  can be compared d i r e c t l y  wi th  
d a t a  taken i n  t h e  s t a t i c  cascade experiment of  Graz ian i  e t  a l .  ( r e f .  41, a s  i l l u s -  
t r a t e d  i n  f i g u r e  3.  The d a t a  a r e  a l s o  t o  be compared t o  some s tandard  a n a l y s i s  of 
b lade  boundary l a y e r  h e a t  t r a n s f e r  which i s  i n  u se  today. I n  a d d i t i o n  t o  providing 
t h i s  a l l - impor tan t  comparison between r o t a t i n g  and s t a t i o n a r y  d a t a ,  t h i s  experiment 
should provide important i n s i g h t  t o  t h e  more e l a b o r a t e  f u l l  three-dimensional pro- 
grams being proposed f o r  f u t u r e  r e sea rch .  A second program o b j e c t i v e  i s  t o  o b t a i n  
a  d e t a i l e d  s e t  o f  h e a t  t r a n s f e r  c o e f f i c i e n t s  a long t h e  midspan of a  s t a t o r  vane loca- 
ted  i n  t h e  wake of  a  f u l l  upstream t u r b i n e  s t a g e .  P a r t i c u l a r  focus h e r e  is  on t h e  
r e l a t i v e  c i r cumfe ren t i a l  l o c a t i o n  of t h e  f i r s t  and second s t a t o r s .  The f i n a l  program 
o b j e c t i v e  i s  t o  improve t h e  a n a l y t i c a l  c a p a b i l i t y  t o  p r e d i c t  t h e  experimental d a t a .  

The program i s  d iv ided  i n t o  two phases.  The f i r s t  phase i s  designed t o  provide 
a  h igh  d e n s i t y  of high accuracy h e a t  f l u x  measurements on both t h e  p re s su re  and 
suc t ion  su r f aces  of a  r o t a t i n g  t u r b i n e  b l ade ,  f i g u r e  1. The program w i l l  i nc lude  two 
r o t o r - s t a t o r  spacings t o  a s s e s s  t h e  in f luence  of r o t o r - s t a t o r  i n t e r a c t i o n  a s  i n  t h e  
experiment of Dring e t  a l .  ( r e f .  3 ) .  It w i l l  a l s o  inc lude  both p o s i t i v e  and nega t ive  
incidence a s  w e l l  a s  t h e  des ign  incidence.  F i n a l l y ,  t h e  f i r s t  phase program w i l l  
inc lude  comparison of t h e  d a t a  wi th  s t a t i c  cascade d a t a ,  f i g u r e  3 ,  and wi th  a  common 
boundary l a y e r  h e a t  t r a n s f e r  a n a l y s i s .  The second phase w i l l  be  designed t o  provide 



a high  dens i ty  of high accuracy h e a t  f l u x  measurements on both t h e  p re s su re  and suc- 
tion sur faces  of a second s t a t o r  row t u r b i n e  vane. The program w i l l  be  r u n  a t  one of 
t h e  ro to r - s t a to r  spacings used i n  t h e  f i r s t  phase. It w i l l  inc lude ,  a t  minimum, fou r  
d i f f e r e n t  c i rcumferent ia l  pos i t i on ings  of  t h e  f i r s t  s t a t o r  row r e l a t i v e  t o  t h e  second 
s t a t o r  row. I n  add i t i on ,  t h e  second phase w i l l  inc lude  an a n a l y s i s  t o  desc r ibe  t h e  
experimental phenomena of  both phases,  which w i l l  improve t h e  c u r r e n t  a b i l i t y  t o  pre- 
d i c t  tu rb ine  midspan a i r f o i l  h e a t  t r a n s f e r .  
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@ Turbine rotor heat transfer data 

@ Rotor-stator interaction (AX) 

8 Comparison with cascade data 

e Second stator heat transfer data 

@ Stator-stator interaction (ACirc) 

s Quasi-steady and/or unsteady 
boundary layer analysis 



FIGURE 1. TURBINE STAGE AT 15% GAP ( ~ e f .  3)  
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FIGURE 2. UNSTEADY PRESSURE ENVELOPES ( ~ e f .  3 )  
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FIGURE 3 .  MEASURED AND PREDICTED MIDSPAN HEAT 
TRANSFER D I S T R I B U T I O N S  ( ~ e f .  4 )  




