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Investigation on Film Cooling Performance of the Squealer

Tip with Baffle in a Linear Turbine Cascade
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Abstract: In order to improve the film cooling effectiveness of the gas turbine squealer tips and
reduce the aerodynamic loss of the cascade, an experimental investigation was conducted on the
cooling performance of the squealer tip with baffle and the aerodynamic characteristics of the
cascade, using pressure sensitive paint measurement technology (PSP) on a linear test cascade, in
combination with numerical simulation. The effects of different blowing ratios (0. 4, 1. 2 and
2.0) and different baffle structures (with different width, angle and height) on the film cooling
effectiveness at squealer tip were analyzed. After the turbulent model was validated, the SST k-w

turbulence model, known for its highest accuracy, was used to simulate and analyze the aerodynamic
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performance of the squealer tip. The results showed that the baffle could significantly increase the
film cooling effectiveness of the squealer tip, and the film cooling effectiveness was also improved
with the increase of the cooling gas blowing ratio. An increasing in the width of the baffle would
cause vortices on both sides of the cooling gas holes under the baffle, effectively improving the
film cooling effectiveness on the squealer tip. The angle of the baffle could affect the flow
direction of the cooling gas after impinging the bottom surface under the baffle. When the baffle
mounted in an acute angle, vortices would be formed on the pressure side of the bottom of the
baffle, allowing the cooling gas to flow towards the bottom of the squealer, thereby improving
the film cooling effectiveness on the squealer tip. When the angle increased up to an obtuse angle,
vortices would appear on the angle between the top surface of baffle and the suction side of the
squealer, weakening the blocking effect of the baffle on the cooling gas, and reducing the film
cooling effectiveness on the squealer tip. The height of the baffle had no significant effect on the
film cooling effectiveness of the squealer tip. In addition, the baffle could slightly reduce the total
pressure loss and the aerodynamic loss, with a maximum reduction of 10. 20%. This study could
provide a reference for gas turbines design on improving the film cooling and aerodynamic performance.

Keywords: blowing ratio; baffle; film cooling effectiveness; aerodynamic performance; squealer tip
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Fig. 1 Schematic of linear test cascade experiment system
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Table 1 Geometric parameters of baffle structure

N e H/mm W/mm 0/
ZER) A 1.0 1.0 90
450 B 1 1.8 90
25k C 1.0 3.0 90
454 D 2.0 1.8 56
450 E 2.0 1.8 72
45K F 2.0 1.8 90
M G 2.0 1.8 111
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(experimental value)
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Table 2 Uncertainty of film cooling effectiveness
IR H AN AN 5 BE AR X AE
HRE ¢ i XEH Ay Ape gt/ %

0.1 0.009 33 9.33

0.2 0.007 98 3.99

0.4 0.005 56 1. 39

0.6 0.003 42 0.57
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Fig. 5 Comparisons on blade tip film cooling effectiveness

distributions of measurements and predictions

P 6 45 HY T AS [ it 30 A TR0 550 A I T A< )
A SR B 1) S XA g SR (A X B AT RLE
TEM F R 2k X B SST ko FE R FIFRUE k- 15U fY
TN AF 357 55 5 56 AF A R W A T R 1 e LI A B
BALF IR X o T S, SST kew A28
IR T 1 oo B AY, {H HLAR fb b 35 H) 5 422500
TR B0 5 17 S X I3 79 ol it DA A 2R ) T 0 1 45 41K
FIRXIAH 1T SST ke #5570 (14 F51 IU (L AH X W 55 . 25
Ak 3 A AL A, SST kw #5550 4318 45 B A7E
oA A E SR b 500 (8 B WA, RE T A b T
T00H 8 R 2% 904 AU B BJR S E B 38 Ok L i
DA AL,

- R
0.5 %ﬁé%}{iﬁ%%
SST k-aw A 71
Friiek-e Bt
0.4 FRifEk-oBR
0.3
I=

az

P 6 AN [m] i At A5 AR ) A 1] 1 44 SRS R0 RO O3 A
Fig. 6 Laterally-averaged film cooling effectiveness for different

turbulent models predictions and measurements

WA R AT T AR TC OGRS IR . SR FH Y IR
F RN A TS A S R i RS R R
R 0.002 mm. K F R 11, R4 25 2L A
Xof b T A B LD P4 0 5 DX Sk AR A7 R % . ARk
ARy BKMEANNT 1.0,




o505

R SEHR S A P AR 25 0 S T TR e T A 135

R T AR E B T A A o T L A B 3 1
LN NS T ST = =i I = B O N G S L
TATEECR 867 Ji .1 484 Ji Al 2 453 J1 3 E MK ik
TS TG e PR k. 1 & 5 i Richardson 4b #E
fHY 20 0.184 5,3 3 BT 3 & M A% 1 7 1<
RV ENA S p B 5 AN 2 B RG AR X 2% . Tl L)
B YRR BN 1 484 JT I, A XFAR £ N
0. 11% KT 0.5 % » B o] LA by opr 25 A 6 22 T
AT 5K B 2K, 5 ST A3 2 48 3k — A K1 43
ES

A3 RE MR T ah @ -3 A2 A UL A
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different meshes
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value)
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distributions under different blowing ratios ( experimental
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calculation results)
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Fig. 19 Comparisons of the cascade passage total pressure
loss for different tip structures on the section 0. 3C,,

behind trailing edge(numerical calculation results)
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trailing edge(numerical calculation results)
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Fig. 21 Comparisons of area-averaged passage total
pressure loss of different structures on the
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calculation results)
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