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Bulk Flow Pulsations and Film Cooling from Two Rows of
Staggered Holes : Effect of Blowing Ratios

Dong Kee Sohn and Joon Sik Lee
Key Words: Film Cooling Effectiveness(zh17+ & &), Flow Pulsation(™-% %), Phase
Average (9] 4 =)

Abstract

Periodic pulsations in the static pressure near turbine surfaces as blade rows move relative to
each other is one of the important sources of turbine unsteadiness. The present experiment aims
to investigate the effect of the static pressure pulsations on the interaction of filim coolant flows
from two rows of staggered holes with mainstream and its effect on film cooling heat transfer.
Potential flow pulsations are generated by the rotating shutter mechanism installed downstream
of the test section, The free-stream Strouhal number based on the boundary layer thickness is
in the range of 0, 033 - 0, 33, and the amplitude of about 10-20%. Measured are time-averaged and
phase-averaged velocity variations, pressure variations and temperature distributions of the flow
field. Experimental conditions are identified by boundary layer measurements. Injectant behavior
is characterized by the measurements of unsteady pressure in the plenum chamber and free-
stream static pressure. The film cooling effectiveness is evaluated from the insulated wall
temperature measurement. It has been found that bulk flow pulsation provides very large
diffusion of the injectants and the effectiveness is significantly reduced by the flow pulsations.
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Experimental set-up and configuration of film cooling holes.
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Table 1 Experimental parameters and flow
conditions at x/D=—4.

7] -

U 10m/s
Gy 13mm
6% 1.6mm
1] 1.2mm
Rex 290,000
H 1.31
Res 9,300
Re, 800

Oc/ P 0.98
0cUc/ 0w Us .5 1.0, 1.5
s/D 3.0

/D 7.0
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Table 2 Strouhal numbers corresponding to
pulsation frequencies.

f m St Sts St
0.5 (.53

4 1.0 0.26 0.1 0.033
1.5 0.17
0.5 2.64

20 1.0 1.32 (.57 0.163
1.5 0.88
0.5 5.28

40 1.0 2.64 1.13 0.326
1.5 1.76
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Fig. 3 Variations of velocity and pressure wave
forms at various pulsation frequencies.
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