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Study on Aerodynamic and Cooling Performance of Turbine Blade

Squealer Tip with Film Cooling Pulsation Characteristics Considered
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(Institute of Turbomachinery, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To study how the pulsating coolant extracted from the compressor affect the flow and
cooling characteristics of the squealer tip of a gas turbine blade, the aerodynamic and cooling
performance of the turbine blade squealer tip with film cooling pulsation characteristics is studied
by numerically solving three-dimensional unsteady Reynolds-averaged Navier-Stokes (URANS)
equations and using the standard k-w turbulence model. Nine film holes are arranged along the
middle camber line of the squealer tip at equal intervals, and sinusoidal function is used to
describe the discipline of the coolant pulsation. The tip film cooling effectiveness and total
pressure loss coefficient are compared and studied at three pulsating amplitudes and five pulsating

frequencies. The results show that there are obvious differences in the coolant penetration and
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adhesion at different instants in a pulsating cycle. When the coolant blowing ratio fluctuates
slightly, the increase of the pulsating frequency changes the phase of the tip film cooling
effectiveness curve, but has no effect on the overall cooling performance. However, when the
coolant blowing ratio fluctuates greatly, the increase of the pulsating frequency will slightly
improve the tip cooling efficiency, and affected by the delayed feedback effect, as the pulsating
frequency increases to the maximum value of 2 000 Hz, the lowest value of film cooling
effectiveness is increased by about 50% compared to 250 Hz during the pulsation period. The
high-temperature mainstream periodically invades the coolant pipeline with the large amplitude
pulsation, causing damage to the original structure of the film holes at the tip middle chord and
trailing edge. The averaged total pressure loss coefficient follows the law of sinusoidal function
when the coolant blowing ratio pulsates with a low frequency, the total pressure loss difference
increases at varied instants with the pulsating amplitude enlargement. Meantime, the difference
gradually decreases when the pulsating frequency increases. This study can provide the reference
for the aerothermal performance analysis of the turbine blade squealer tip with consideration of
the film cooling pulsation characteristics.
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Table 1 Calculation boundary conditions for the flat tip

blade
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Fig. 1 Comparison of tip heat transfer coefficient contours

among four turbulence models and experimental data
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Table 2 Geometrical parameters of GE-E’ turbine stage
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Table 3 Calculation boundary conditions for GE-E? turbine

stage
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Table 4 Pulsating film cooling calculation conditions

f/Hz A
250 0.2, 0.5, 0.8
500 0.2, 0.5, 0.8
1 000 0.2, 0.5, 0.8
1 500 0.2, 0.5, 0.8
2 000 0.2, 0.5, 0.8
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Table 5 Averaged tip film cooling effectiveness of four

different grids
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Fig. 4 Tip flow field structure at constant blowing ratio
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Table 6 Time-averaged tip film cooling effectiveness value

for low-frequency pulsation
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Table 7 Time-averaged tip film cooling effectiveness value

for high-frequency pulsation
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£ 8 SR BK B BT TR 3 A A F A R
SR

Table 8 Time-averaged tip film cooling effectiveness value

for small-amplitude pulsation

f/Hz 7
250 0.127 13
500 0.127 15
1 000 0.127 18
1 500 0.127 18

2 000 0.127 18
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Table 9 Time-averaged tip film cooling effectiveness value

for large-amplitude pulsation

f/Hz ?7‘

250 0.102 97
500 0.103 11
1 000 0.103 45
1 500 0.103 63
2 000 0.103 56
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