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The resul ts  a re  analyzed of an experimental  study concerning the efficiency of film cooling 
under conditions of a ze ro -grad ien t  and an accelera ted flow of the main and the injected 
s t r eam.  

Film cooling is recently used more  and more  in various branches of industry for protect ing the s t ruc -  
tural  components of sys tems  which are  exposed to high tempera tures  and to chemical  attack. 

Many experimental  and theoretical  studies [1-3] have been concerned with the efficiency of film cool-  
ing under ideal conditions, i.e., under a uniform distribution of pa ramete r s  in the main and in the injected 
s t r eam at the entrance section without any external forces  present .  The basic per formance  pa ramete r  to 
be determined in these studies was the efficiency of film cooling, defined by the rat io 
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The resul ts  of these studies, as well as those derived from dimensional theory, show that the efficiency 
of film cooling depends on such basle dimensionless  pa ramete r s  as: Res, m, | x / s ,  etc. 

A very  valuable method of calculating the film cooling in natural moving sys tems would be one based 
on using the curve of efficiency plotted for ideal conditions as a function of these basic dimensionless  
pa r ame te r s  and then adding cor rec t ions  which aceount for the departure  of real  conditions f rom the ideal 
ones [3, 4]. There  are  not yet sufficient experimental  data available, however, for implementing this 
method. F i rs t  of all, the range of pa rame te r  values for which the relation ~ = f(Res, m, | x / s )  has been 
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Fig. 1. Efficiency ~? as a function of the pa rame te r  A t = Res~ 
�9 m-t '25 |  1) m = 1.335; 2) 0.98; 3) 0.713; 4) 0.949; 5) 0.887; 

6) 0.795; 1) Re s = !6,000; 2) 20,400; 3) 20,100; 4) 21,000; 5) 20,000; 
6) 22,100; 1) O = 1.22; 2) 1.217; 3) 1.217; 4) 1293; 5) 1.20; 6) 1.195; 
7) 7? = 0.98(A~)-~ 8) ~? = 3.09 [(x/ms)!Re~(ps p0))-~176 9)~? 

= 3.47 (A~)-~ 
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established is ra ther  narrow; secondly, there are no correc t ions  given which would account for any inter-  
action between the main and the injected s t r eam in natural  moving sys tems,  where such an interaction al-  
mos t  always occurs  within the zone of influence of external force fields. 

The purpose of this experimental  study concerning the efficiency of film cooling was to obtain some 
data neces sa ry  for making this method of calculation feasible.  

An analysis of the conditions in real  turbomachines  has shown that, at an initial p re s su re  from 0.5 
to 2.0 M N / m  2 and an initial t empera ture  f rom 973 to 1173~ at velocit ies of 100-500 m / s e c  and an orifice 
height s = 1 �9 10 -3 m, the value of the Re s number var ies  f rom 5,000 to 30,000. All these studies concern-  
ing the efficiency of film cooling were made in aerodynamic tunnels at low velocit ies and Re s numbers  up 
to 2,500. In order  to determine how the efficiency of film cooling under ideal conditions depends on those 
basic paramete rs ,  a ser ies  of experiments  was performed on a static test stand with the Re s number varied 
from 16,000 to 25,000. The other pa ramete r s  were varied within the following ranges:  m f rom 0.5 to 1.5 
and | f rom 1.185 to 1.265. The resul ts  of these tests  have been evaluated in t e rms  of the efficiency of film 
cooling as a function of the pa ramete r  A t = Re~ "25O-1"25 x //s, which, except for the factor  A t'5, is the same 
as the general ized pa ramete r  A in [3]. The pa rame te r  A, which accounts for the initial dynamic boundary 
layer  on the main s t ream, has in our experiment had a value close to unity with insignificant variat ions.  

The values for the efficiency obtained in this test  ser ies  are shown in Fig. 1. The relative e r r o r  in 
determining ~? var ies  f rom 1.5 to 5~c as the efficiency dec reases  f rom 1.0 to 0.2. The ~7 = f(Al) curve con-  
sists  distinctly of three charac te r i s t ic  ranges~ with the test  points in each of them easi ly approximated by 
power functions. The power exponent is zero  for the initial range, because here the protected surface is 
in contact with the coolant only and, therefore,  the tempera ture  at all points is the same and equal to the 
tempera ture  of the injected air .  In the transi t ion range (1 s A 1 _< 10) there develops a thermal  boundary 
layer  and the s t r eams  mix gradually, while the efficiency begins to decrease .  The power function which 
closely approximates the test  data here  is 

~1 = 0.98 (A1) -0'27, (2) 

which agrees  ra ther  well with the resul ts  in [3]. 

In the main range (A s > 10) the test data conform closely to the theoret ical  relation 

x t~/-~176 

�9 n f 

O.8 
�9 - - ,  

v ~ 5  
0.6; 

2"o I / 
i, 

- | 

0206 0.18 0.30 0.42 X 
_ i 

o z ~ 6 8 I0 12 14, /5 R t 

Fig. 2. Efficiency ~? as a function of the pa ramete r  A t = R e ~  "z~ 
�9 m-l '25 |  at an accelera t ion of the s t reams  cor respond-  
ing to a drop in static p r e s su re  along the x-coordinate  (in 
meters ) :  1) m = 0.793; Res = 2.27 -104; | = 1.226; 2) 0.785; 2.34 
�9 104; 1.234; 3) 0.75; 2.33" 104; 1.23; 4) 0.766; 2.39-104; 1.22; 5) 0.733; 
2.34 �9 104; 1.225; 6) 0.795; 2.29. 104; 1.185; 7) 0�9 2�9 
1.205. 
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which has been derived in [1]. The test  data can be general ized even better by the relation 

~] = 3.47 (A1) -~ (4) 

It was in this operating range where we studied the efficiency of film cooling during accelera t ion of 
the main and the injected s t ream.  The basic pa ramete r s  were varied in the tests within the following 
rsnges :  m f rom 0.5 to 0.8, | f rom 1.2 to 1.25, and Re s f rom 23,000 to 25,000. A major  par t  of the tests  
was per formed with the p re s su re  along the protect ive sheath varying by not more  than 2.5 �9 104 N / m  2 per 
length. Accelerat ion was produced by means of straight  deflectors  of various lengths abo~ce the test plate. 
Typical  curves  of (static) p re s su re  variat ion along the plate are  shown in the lower left-hand corner  of 
Fig. 2. On this d iagram we also show the essential  resul ts  of our tests .  An analysis of the data on the 
efficiency of film cooling under a low p re s su re  gradient, corresponding to an increase  in the velocity of 
the s t r eams  f rom 100 to 150 m / s e c ,  has shown that ~? decrease  slightly. Almost all test points obtained 
in this se r i e s  can be confined between two curves :  one of them is the efficiency curve for a ze ro -grad ien t  
flow, the other is shown in Fig. 2 by a dashed line. The efficiency values read on these curves  at c o r -  
responding points do not differ by more  than 5%. F r o m  this we may conclude that a slight accelerat ion of 
the s t r eams  during film cooling causes  an insignificant reduction of the efficiency. 

It is to be noted that the data which have been obtained with a change in the velocity f rom 100 to 200 
m / s e c  at the surface show a somewhat g rea te r  reduction of the efficiency (the dashed-dotted curve in 
Fig. 2). 
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N O T A T I O N  

is the temperature ,  ~ 
is the rat io of mass  flow rates in the injected and in the main s t r eam per  unit a rea ;  
is the density, kg/m3;  
is the s t r eam velocity, m / s e c ;  
is the orif ice height, m; 
is the Reynolds number based on the pa rame te r s  of the main s t r eam and on the orifice 
height; 
is the tempera ture  factor ;  
is the distance f rom the injection orifice, m; 
is the Reynolds number based on the pa ramete r s  of the injected s t r eam and on the or i -  
fice height; 
is the dynamic viscosi ty  of a s t ream,  N.  s e c / m  2. 

S u b s c r i p t s  

0 re fe rs  to the main s t r eam;  
s re fe rs  to the injected s t r eam;  
a.st .  denotes the sheath pa rame te r  under adiabatic conditions. 

1. 

2. 
3. 

4. 

LITERATURE CITED 

I. I. Stollery and A. A. M. E1-Ehwany, Internat.  J. Heat and Mass Transfe r ,  8, No. 1 (1965). 
R. A. Seban, Trans .  ASME, Ser.  C, 82, No. 4 (1960). 
K. A. Bogaehuk-Kozachuk, E. G. Popo-~ch, and V. M. Repukhov, Heat T rans fe r  in Power Instal la-  
tions [in Russian], Naukova Dumka, Kiev (1967), pp. 107-120. 
I. T. Shvets, E. P. Dyban, and V. M. Repukhov, Izv. VUZ. AviatsionnayaTekhnika,  No. 4 (1968). 

33 


