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Investigations on the Heat Transfer and Film Cooling Effect at
Squealer Tip of a Turbine Stage under Engine Conditions

YU Jinxing, YE Mingliang, YAN Xin

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Heat transfer and film cooling effect at squealer tip of a turbine stage were numerically
investigated under engine conditions. The heat transfer coefficient and film cooling effectiveness
at squealer tip with two cooling hole array arrangements (tip hole-array, and both tip and
pressure-side hole-arrays) were obtained at three blowing ratios (M=0.5, 1.0 and 2.0). The
results show that the squealer cavity vortex, scraping vortex and impingement flow are the three
main flow structures that influence the heat transfer and film cooling effect at squealer tip. Due to
the influence of squealer cavity vortex, the cooling flow can effectively cool the cavity floor near
the leading edge and the pressure side. Under the influences of cavity vortex and scraping vortex,
the impingement flow induces a high heat transfer area on cavity floor near suction side. When
the tip hole-array is employed, with the increase of blowing ratio, the overall heat transfer
coefficient at squealer tip is decreased, and the overall film cooling effectiveness is increased.
When both tip and pressure-side hole arrays are employed, compared with the tip hole array, the
area-averaged heat transfer coefficient at squealer tip is decreased by 13.89%, and the area-
averaged film cooling effectiveness is increased by 61.45% at M=2. 0.
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Fig. 1 Passages of the rotor and stator in the simulation

model
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Fig. 2 Hole-array arrangement
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Table 1 Parameters of the simulation model
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Fig. 3 Numerical simulation mesh at the blade tip
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Table 2 Boundary conditions of the numerical simulation
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Fig. 4 Distributions of heat transfer coefficient at blade tip for

different turbulence models
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Fig. 5 Experimental and simulated results of tip and

pressure-side hole-array arrangement
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Fig. 6 Local blowing ratios of each hole in the tip hole-

array arrangement




110 [ |

PN

555

FLARRANAS TR AH F T ¥ J00 00 IR = B/ s AN R A
FLAR B4 728 A X v A0 U0 U B0 DR 2 R0 TN P 50 9 3 45 4
2B/ SR AL ) 1 O T 22 R & R A 1B AR
b, LA SBEFL Y M, MG . 24 MR, R H i
(14 T £ 488 K ¥ EDIAL AR T AT TR P S O 3 45 4 1)
S MR B T s PR SRR LA LA /N B R R
FLEE O R 22 0 5 e o Oy 18 3 & SR AL 1Y M, 2=
SR
2.1.2 witmMwEZASEMN KITHET M
=2.0 BTG MURE b T0 Y = e i 2. i 1B 7a 1]
AT S 45K 2 5 L

(1) B4t 3k IR BE 1Y i 2 ik T 3t T 9 ok i) W
1T 2% 105 5

(2) 3F A TR f I 2% it U U BT R B T A
5

(3) FH T it BE 5 I T80 22 [B) A7 7 AH X 32 35 viig BE
3T 1 3 A 32 3 5 U] 7 4F FH i R 80 3 1105

(4) T ) H) 908 ¢ 30 v BE L BELAS 1 1 O 3L %) U
Bl s —HB 43 Ui A DA i TR i R 2 (R R A M
R et TR G L O B b i L B 5

(5 I F) i 0 as WA g 00 i B o TR S 2 O A
2y o 1t T G %) BEL A1 198 < Tt e VA 4 Ik i P T
T 12 B

FH & 7b AT, bR AR R TS B e A
A AR R . AR R 7h T R R SR TR

O A

(b 3 38 16 55 1k O 164
P 7 M=2.0 - g MR i T A = 4 i £k

Fig. 7 Three-dimensional streamlines at the squealer tip in

turbine stage at M=2.0
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pressure-side hole-arrays arrangement
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