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Results of an experimental study are analyzed which concern the efficiency of film cooling at 
the end wall of a curvilinear channel between guide blades in a turbine. 

Fi lm cooling has recent ly  found more  engineering applications in a reas  where s t ruc tura l  components 
of equipment must  be pro tec ted  against  the effects of high t empera tu res  and chemical ly aggress ive  media.  

Many exper imental  and theoret ical  studies have been made [1-4] concerning the efficiency of film 
cooling under  ideal conditions, i . e . ,  with uniform p a r a m e t e r  distr ibutions in both the main s t r eam and the 
injected s t r eam at the entrance section while there are  no external  forces  acting. The basic  per formance  
indicator  which could be evaluated under such conditions was the eff iciency of film cooling defined as 

To - -  Ta. w. 
~l = - -  (1) 

T o - -  T~ 

In all these studies the efficiency of film cooling was measured under so-called ideal conditions, and 
most authors singled out three zones: an initial zone, a transition zone, and a main zone, with the effi- 
ciency being a different function of m, | l~e s, and x/s  in each. Only a few studies [5-10] have dealt with 
the effect of a longitudinal pressure gradient on the cooling efficiency, as such a gradient may cause both 
streams in actual turbines to mix during film cooling. 

The authors here have attempted to obtain Lest data on the efficiency of film cooling at the end wall 
of a curvilinear channel between guide blades, i .e . ,  when all factors which characterize the conditions in 
actual turbo-machinery prevail almost simultaneously. 

The tests were performed on an experimental turbine and the cooling efficiency was measured at the 
end wall of the passage between two blades of the first  stage. In one channel we measured the tempera- 
Lure of the medium in the boundary layer and in another channel we measured the surface temperature at 
the blade hubs. The thermocouples were located as shown schematically in Fig. 1. We also measured the 
temperature of the metal at points inside the blade hubs, in order to check the heat dissipation by conduc- 
tive heat transfer into the stator. The measurements were made by means of Chromel-Alumel thermo- 
couples with wires 0.2 mm in diameter. The thermal emf was recorded by model }~PP-09 (class 0.5) 
potentiometers, yielding a final measurement accuracy within 3~ and a determination of the cooling effi- 
ciency at the end of the main zone within an accuracy of approximately 8%. 

The velocity of the injected stream was determined from readings of a total-pressure Pitor tube, 
with the inlet orifice in the throat section of the passage and with the pressure pickup at the channel wall 
also located in the exit section of the passage. The mainstream velocity was measured in terms of mean 
values, on the basis of the flow rate, and referred to the swept area of the turbine at a section correspond- 
ing to the said passage section. 

The tests were performed with either forward or reverse heal flow, with specially electrically pre-  
heated air  injection into the cold mainstream. Such an injection was effected through a tangential orifice 

I. I. Polzunov Central  Boi le r -Turb ine  Institute. M. 
Trans la ted  f rom Inzhenerno-Fiz ichesk i i  Zhurnal,  Vol. 24, 
ar t ic le  submitted November  26, 1972. 

I. Kalinin Polytechnic Institute, Leningrad.  
No. 6, pp. 1074-1077, June, 1973. Original 

�9 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. t0011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy of  this article is available from the publisher ,for $15.00. 

747 



oi 20 t~ 

F i g .  1. S c h e m a t i c  d i a g r a m  i n d i -  
c a t i n g  the l o c a t i o n s  of  t h e r m o -  
c o u p l e s  in the t e s t  c h a n n e l s :  
1-5)  t e m p e r a t u r e  m e a s u r e m e n t s  
in the b o u n d a r y  l a y e r  of the 
m e d i u m ;  6-10)  t e m p e r a t u r e  m e a -  
s u r e m e n t s  a t  the s u r f a c e  to be  
p r o t e c t e d .  

[5, 10] of a s p e c i a l  d e s i g n .  The  o r i f i c e  h e i g h t  was  1.6 m m  fo r  a c o o l e d  channe l  wi th  a m a x i m u m  m e d i a n  
l eng th  of 61 m m .  

The  b a s i c  p a r a m e t e r s  in t h e s e  t e s t s  w e r e  v a r i e d  o v e r  the fo l lowing  r a n g e s :  Re  s = (1 .2-2 .6)  �9 103, 
m = 0 .33 -1 .0 ,  and  | = 0 .65 -1 .3 .  

The  a r r a y  of guide  b l a d e s  and  the end w a l l s  of the p a s s a g e s  s e t  up  fo r  t h e s e  t e s t s  w e r e  o p e r a t e d  a s  
fo l l ows :  T O = 300-770~ T s = 420-520~ P0/P1 ~ 1.1, wi th  the e x i t  a n g l e  19~ ' ,  and with the s t r e a m  a c c e -  
l e r a t e d  th rough  the a r r a y  f r o m  30-50 to 170-190  m / s e e .  F o r  th i s  r e a s o n ,  the r e s u l t s  f r o m  [10] w e r e  not  
u s e d  f o r  e v a l u a t i n g  o u r  t e s t  d a t a .  

A p r e l i m i n a r y  e v a l u a t i o n  of o u r  t e s t  da t a  was  m a d e  in q; A s = m -1"25 lqes~ c o o r d i n a t e s .  In 
o r d e r  to c a l c u l a t e  q, we r e p l a c e d  T a .  w in (1) by  the t e m p e r a t u r e  of the m e d i u m  which  had  been  m e a s u r e d  
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F i g .  2. E f f i c i e n c y  11 a s  a func t ion  of (s) the p a r a m e t e r  
A s and  (b) the p a r a m e t e r  At :  1) m = 0.79, Re  s = 1.2 
�9 103, @ = 0.76;  2) r e s p e c t i v e l y  0.61,  1 . 2 .  103~ 0.81; 
3) 0.95,  1 .1 .103  , 0.7; 4) 0 .88 ,  0 .94-103  , 0.73;  5) 0.92, 
0 .94-103  , 0.68; 6 ) 1 . 0 ,  1 .4 -103  , 0.81; 7 ) 0 . 7 4 ,  2 . 6 . 103  , 
1.3; 8 ) 0 . 3 7 ,  1 .4 -103  , 0.71; 9 ) 0 . 7 3 ,  1 .24-103  , 0.75; 
10) 0.62, 1 .0 -103  , 0.79; 1 1 ) 0 . 7 9 ,  1 .0 .103  , 0.74; 12) 
0.99, 1 .0 -103  , 0.67; 1 3 ) 0 . 6 1 ,  2 . 6 . 1 0 3  , 1.26.  
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in the boundary layer .  The resul ts  of such an evaluation are  shown in Fig. 2a. The solid line r ep resen t s  
the efficiency of film cooling under  ideal conditions [5]. The maximum depar ture  of test  points f rom this 
curve at the end of the initial zone (A 2 ~ 10) is here  17% (absolute). 

As has been mentioned ea r l i e r ,  the genera l  relat ion for  the cooling efficiency is ~ = f(Re s, m, | 
x / s ) ,  with the tempera ture  p a r a m e t e r  | cha rac te r i z ing  the effect  of the tempera ture  difference between 
s t r e a m s .  The effect  of | on the cooling efficiency was studied in [1] over  a nar row range of this p a r a m -  
eter ,  while in [5] | was calculated according  to the recommendat ions  made in [11]. In our study here  we 
at tempted to genera l ize  the test  data in the form r] = f(A 1) with A 1 = m -1"25 l~es ~ | (x/s), i . e . ,  follow- 
ing the suggestions made in [5, 11], although the range of | var ia t ion in our tests  was much wider than in 
those other  studies.  

The resul t s  of such an evaluation (Fig. 2b) show a sa t i s fac tory  cor respondence  between test  data and 
the efficiency curve based on ideal conditions. For  the end of the t ransi t ion zone and for  the main zone, 
for  instance,  our values of 0 tie only somewhat  below (5-8%) that curve.  It is to be noted that we replaced 
| in Ai by | for  the evaluation of test data pertaining to r eve r s e  heat flow (film heating), because in- 
c reas ing  the p a r a m e t e r  which cha rac t e r i ze s  the rate  of heat t r ans fe r  f rom injected s t r eam to ma ins t ream 
could not possibly ra i se  the cooling efficiency. The more  the t empera tu res  of both s t r eams  differ, ob- 
viously the s t ronger  will the s t r e ams  affect one another  and the fas te r  will the t empera tu re  change in the 
boundary layer .  

The sa t i s fac tory  agreement  between test  data on the efficiency of film cooling and the curve obtained 
under  ideal conditions (Fig. 2b) allows us to use the la t ter  for  es t imat ing the cooling efficiency at the end 
wall of passages  in turbomachinery .  We must  point out the necess i ty ,  however,  of careful  and separate  
fur ther  studies concerning the effect of | and the combined effect  of longitudinal and t r ansve r se  p r e s s u r e  
gradients  on the cooling efficiency over  a wide range of all those p a r a m e t e r s .  

T is the 

m = Psus/P0U0 is the 
p is the 
u is the 
s is the 
x is the 

13e s = u0sP0/~0 

.u 

| = T s / T  o 

N O T A T I O N  

tempera ture ,  ~ 
rat io of injection mass  flow rate to ma ins t r eam mass  flow rate ;  
density,  kg/m3; 
s t r eam velocity,  m / s e c ;  
passage  height, m; 
distance f rom the injection point, m; 

is the Reynolds number  r e f e r r e d  to the ma ins t r eam p a r a m e t e r s  and to the passage 
height; 
is the dynamic viscos i ty ,  N .  sec /m2;  
is the tempera ture  p a r a m e t e r .  

S u b s c r i p t s  

0 denotes the ma ins t r eam;  
s denotes the injected s t r eam;  
a.w denotes the wall unde~ adiabatic conditions. 
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