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Effect of Ejection Angle on Film Cooling and Heat Transfer of

Winglet-Squealer Tip
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Abstract: Numerical methods were adopted to study the film cooling and heat transfer
performance on the pressure-side (P.S.) winglet-squealer tip of a turbine stage under engine
condition. The heat transfer coefficient and film cooling effectiveness on the winglet-squealer tip
were computed at five different streamwise ejection angles, three different numbers of cooling
hole with P. S. defection, and four different P. S. defection angles. The improvement of the film
cooling effect and mitigation of heat transfer on the winglet-squealer tip were achieved based on
the present study. The results show that the inclined coolant ejection is effective to improve the
film cooling effect and reduce the heat transfer on the P.S. winglet-squealer tip of a turbine
stage. As the streamwise ejection angle increases, the heat transfer coefficient on tip decreased at
first and then increased. If the streamwise ejection angle equals to 120 degree, the area-averaged
heat transfer coefficient on the tip surface decreased by 28.26%, and the area-averaged film
cooling effectiveness increased by 33. 86 % as compared with the vertical ejection case. Adjusting

the ejection angles for five tip cooling holes near leading edge towards the P. S. is beneficial for
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film cooling effect improvement on the cavity floor near the front part. Compared to the case that

all tip holes deflection towards the S.S., the area-averaged heat transfer coefficient on the tip

surface decreased by 15.65%, and the area-averaged film cooling effectiveness increased by

9.51%. As the ejection angles for five middle-camber holes near leading edge towards the P. S.

equal to 60 degree, the best film cooling and heat transfer performance on the winglet-squealer tip

are achieved. In this case, the area-averaged heat transfer coefficient on tip surface decreased by

38.84% , and the area-averaged film cooling effectiveness increased by 42. 24 % , as compared with

the vertical ejection case. Moreover, the uniformity of film coolant coverage on the winglet-

squealer tip is improved significantly.

Keywords: gas turbine; squealer tip; winglet; heat transfer; film cooling; ejection angle
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Fig. 1 The computational model for the first turbine stage of
GE-E’ aero-engine and indices for the film cooling

holes
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Table 1 Boundary conditions in numerical simulations
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Fig. 2 Schematic view of the meshes for rotor blade
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Table 2 Mesh independency analysis for the rotor blade in

turbine stage
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Fig. 3 Schematic view of the ejection angle for the cooling

hole in the rotor blade tip
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tip with different « angles
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Fig. 5 Heat transfer coefficient distributions on winglet-

squealer tip with different ¢ angles
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Fig. 6 Film cooling effectiveness distributions on winglet-

squealer tip with different « angles

120° .= 150° fy M T A% £ 28 BOAR F He Al T 00 L R
Ve HIRCR W] a5 T A B0 L i AE Al ) 6026 ~ 804
DX I 0 o= 150 {8 - T00 A9 74 B 77 1] A 249 4% 4 22 500 i
T A T A AR R AR T Al T X
& BT o= 1507 4 /NF A IR I T50 4% L& 203 119

R LA 2 T A
2500

2000
~ 1500

‘E ¢
2 1000 F\%
~ I\,
=<

500 F

&7 TR T 2 4% R R B0 il 43 A1 (B=307)
Fig. 7 Pitch-averaged heat transfer coefficient on winglet-

squealer tip along axial direction (8=30°)
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Table 3 Heat transfer and film cooling performance on

winglet-squealer tip with different o angles
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Fig. 10 Heat transfer coefficient and film cooling effective-
ness distributions on winglet-squealer tip
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Fig. 11 Pitch-averaged heat transfer coefficient on winglet-

squealer tip along axial direction (3=30°)
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Fig. 13 Area-averaged heat transfer coefficient and film
cooling effectiveness on winglet-squealer tip with
different numbers of cooling holes deflection

towards the pressure side
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Fig. 14 Streamlines for the cooling flow in the winglet-

squealer tip with different ¢’ angles (83=30°)
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Fig. 15 Heat transfer coefficient and film cooling effective-

& 15
ness distributions on winglet-squealer tip (3=30°)
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Fig. 16 Pitch-averaged heat transfer coefficient on winglet-
squealer tip along axial direction with different holes

angle for TO1~T05 (=30")
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Fig. 17 Pitch-averaged film cooling effectiveness on winglet-

squealer tip along axial direction with different holes

angle for TO1~T05 (3=30°)

F A BT ORI o B /NFR G IR i T v B
35 4% B R B VS F O DA BB T SRR
A LAE H: TO1~T05 B AL o 1Y 7248 fh 4T i35 - S 55
WSCR T B . 5 2.1 N IRk S LYY
[ia) W5 7 000 i % B9 o TOUAR L, TO1 ~ TO5 i) & 77 00 fi

http: // zkxb. xjtu. edu. cn

B o o ot T T AT 249 e AR O Sk N RS A
BORW I LB o 11, 1 FROF 39 1 A R 8L
T8N 5 HE R B 2 SRRV ED IR ST HE R Dk
N Y o == 60 R E A I R R AL
A4 AR oA E AR KA S A
AL (B=30")
Table 4 Heat transfer and film cooling effectiveness on win-

glet-squealer tip with different ¢’ angles (8= 30°)
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—30 646. 806 0. 351 0. 880
—60 581.924 0. 357 0. 881
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Fig. 18 Area-averaged heat transfer coefficient and film
cooling effectiveness on winglet-squealer tip with

different ejection angles
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