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In equation (sa) r = JPr is the temperature recovery factor for turbulent flow and AH 
is the Mach number of the hot gas stream. Since at  combustion chamber flow conditions 
r 0.9  and y E 1 . 3 ,  equation (sa)can b e  written for  these conditions as 

TAW= T H (l+O.l3-4;) 

From equation (9b) it is easily seen that, for  AH< 0 . 3 ,  TAW is only about 1 percent 
higher than TH. 

Thus, using the adiabatic liner tes t  surface as a plate thermometer should be  an 
acceptable method to determine the axial hot gas  temperature profile in subsonic com
bustion chambers. 

After the axial hot gas  temperature profile w a s  thus established, liner surface tem
peratures  were measured with various m a s s  ra tes  of film cooling air blown over the test  
surface. For  these tes t s  c a r e  w a s  taken to hold combustor exit temperature and refer
ence velocity constant and at the values used to  obtain the axial hot gas  temperature pro
file. The film cooling air valves were then set a t  a desired flow ra te  and the l iner sur 
face and slot film temperatures were recorded after thermal equilibrium had been 
established. In this  manner, liner surface temperature data were obtained for a range 
of film flow to hot flow ratios,  with slot film temperature being determined by hot gas  
conditions and film flow rate. 

Estimated Accuracy of W a l  ITem peratures  

The wall  temperature at each of the downstream stations used for subsequent data 
analysis w a s  obtained by averaging the readings of the three thermocouples at each 
station. 

The normal variation between these individual readings was  approximately 50' F 
(28 K) with the maximum being 150' F (84 K) when a thermocouple w a s  in the wake of 
a slot support, that is, in between two holes. Repeatability of thermocouple readings 
w a s  within 3225' F ( A 4  K). However, because of drift in combustor conditions and con
duction e r r o r s  in the tes t  surface, the overall estimated e r r o r  in the averaged surface 
temperature data is approximately 40' F (322 K). 

RESULTS AND DISCUSSION 

In this section the liner wall  temperature and slot pressure drop data wi l l  be dis
cussed for the ten-slot configurations tested. Subsequently, the film cooling effective
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Figure 15. -Comparison of Hatch and Papell correlat ion w i th  experimental l i n e r  cooling 
data. 

contains an empirical correction for  the hot gas  to  film velocity ratio. The film cooling 
effectiveness data a r e  plotted in figure 15. For purposes of comparison with the pre
vious correlations, the te rm in brackets can b e  rearranged using the appropriate co r re 
lation for  the convective coefficient to obtain a form similar  to  the previous correlations. 
This term then becomes 

From equations (16) and (15) it can be seen that th i s  correlation takes into account the 
x/Ms ratio, the ratio of heat capacities of the two s t reams,  the Reynolds and Prandtl 
numbers of the mainstream, and the ratio of hot gas  to film velocity. The last  of these 
effects is taken into account by the function f(UH/Us). 

A negative value f o r  the te rm in brackets in equation (15) would result  in a film 
cooling effectiveness g rea t e r  than 1.0 which i s  physically impossible. Therefore, fo r  
these conditions, the film cooling effectiveness is automatically se t  equal t o  1.0. For 
the data obtained herein, the velocity ratio function ranged from approximately unity for 
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