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Investigations of Film Cooling Effect on Squealer Tip with Plasma Actuation
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Abstract: Film cooling performance on a gas turbine squealer tip was numerically investigated by
incorporating plasma actuation forces into the momentum equations of Reynolds-averaged Navier-
Stokes equations. The objective was to analyze the impact of plasma actuation strength and actua-
tion frequency on the film cooling effectiveness and total pressure loss in tip region. Further-
more, a plasma control strategy was proposed to improve the coolant coverage on the cavity floor
of squealer tip, and the mechanism of plasma actuation on the coolant and mainstream in the tip
gap was elucidated. The results showed that the downstream plasma actuation within the squealer
cavity effectively counteracts the swirling effect provided by the upstream coolant to the down-
stream coolant. Such resistant effect is increased with increasing the actuation strength and actua-
tion frequency. When the plasma actuation is minimal, the upstream coolant provides little swir-
ling effect to the downstream coolant in squealer cavity, resulting in effective film cooling effect

on the cavity floor near trailing edge. As the actuation strength increases, the coolant near the
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trailing edge is blown away from the cavity floor by the upstream coolant, but the film cooling

effect on the central part of cavity floor becomes better. Compared to the no actuation case, the

area-averaged film cooling effectiveness on the cavity floor of squealer tip is increased by 25.11%

for actuation strength D,=204. The actuation frequency displays a similar effect on the film cool-

ing at squealer tip as the actuation strength. If the actuation strength is fixed at D, =156, the

area-averaged film cooling effectiveness on the cavity floor is increased by 28. 71% for actuation

frequency D, =6. 25 and actuation frequency 29. 27 % respectively as compared to the no actuation

case. Additionally, non-uniform plasma actuation on the squealer tip leads to a 39. 12% increase

in the area-averaged film cooling effectiveness on the cavity floor compared to the no actuation

case. Notably, the total pressure loss in the rotor blade is almost unchanged with the specified

plasma excitation.
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Fig. 1 Computational model of GE-E? blade squealer tip
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Table 2 Boundary conditions in numerical simulations

NG B

FERaE 0 BE/K 298

FE P O EE / kPa 126.9

T O R % 9.7

F2 3 i I RBE /m 0.015

i L # % /kPa 102. 7

BEA T O ER/K 328
PR D /(10 kg e s 1) 1.656

1.2 EBEFEMHRE

P 4 O 2 1 AU R R R . S AN e IR
2 LT BN I R A 5 R Y R T R R 2 M) Y
2B B AR LR AN AT 3 (a) HR AR TR X
AR L SR TR AT LA 7 3 e R 2 50 v 3
A KL FE 37, A0 1B 3 Cb) BTz o I AR B 45 B 4R
DIl 5 = R, FORR A K A 45 B A DX i ik il
R a AT BRI b L B ARG 1] K Lo » IR
M 22 1] B ECR L 0 AR 1) JBE L o AS SCRT AR
JH ) S5 8 AR e P il 5 5 2 B M DL 36 3,

B2 WA
— X

|

() %5 8 T 1 b iy B AR 72

A

a

B

o] b

v

L L +‘ ‘4_ Ly ——»
(b 2 M AL 3T B A 55 88 7 (A A 1
EIE Y RN ki

Fig. 4 Model of plasma actuation
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Table 3 Parameters of linearized plasma actuation model
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Fig. 7 Film cooling effectiveness contours on squealer tip

with different plasma actuation strength
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Table 5 The 5 on the cavity floor and its improvement rela-
tive to the no-actuation condition for different plas-

ma actuation strength
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Table 6 The 5 on the cavity floor and its improvement rela-

tive to the no-actuation condition for different plas-

ma actuation frequency
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Fig. 13 Three-dimensional streamlines in squealer tip with

different plasma actuation frequency
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