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Numerical Investigation of Interactive Film Cooling Effect Between Blade
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Abstract: To address the unclear mixing mechanisms of multi-source coolant injections and
secondary flows from and the extremely high thermal load in different components the corner
region of gas turbine cascade leading edges, a numerical study is conducted on the flow mixing
and interactive cooling characteristics of blade showerhead injection, endwall leading-edge film-
hole injection, and upstream endwall slot injection in the leading-edge region. The results indicate
that the blade showerhead coolant can provide secondary cooling to the hot ring region by
reattaching to the endwall, while also influencing the endwall coolant distribution by altering the

strength of secondary flow generation. When the endwall blowing ratio is low, the mixing
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between blade and endwall coolant is weak due to the blocking effect of the horseshoe vortex.
The endwall coolant directly attaches to the outer edge of the horseshoe vortex near the hot ring,
forming strip-like cooling protection, while the blade coolant provides secondary cooling to the
suction-side corner region through reattachment. As the blade blowing ratio (M,) increases, the
suction-side horseshoe vortex and the entrained endwall coolant move closer to the blade,
enhancing mixing with the showerhead injection. This raises the average cooling efficiency in the
leading-edge region by 0. 04. At M, =1. 0, the blade showerhead coolant achieves the most
uniform axial distribution in the corner region. When the endwall blowing ratio is high, strong
mixing between endwall and blade coolant provides improved film cooling protection in the corner
region. However, the dominant mixing phenomenon in the corner region creates a large uncooled
zone between the upstream slot and endwall film holes. As M, increases, the coolant mixing in
the suction-side corner region intensifies significantly, improving the average cooling efficiency by
0.08 in the endwall region where 0<z/C,, (axial coordinate to axial chord ratio) <C0. 1. The
findings suggest that the secondary cooling effect of blade coolant should be considered in the
design of endwall leading-edge cooling configurations, along with its influence on secondary flow
generation and downstream development intensity.

Keywords: gas turbine; turbine cascade; film cooling; blade showerhead injection; secondary

flow
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Fig. 1 Cooling structures in cascade leading edge region
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Table 1 Geometry parameters of cascade
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Fig. 2 Meshes of turbine cascade and cooling configurations
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Fig. 3 Experimental and numerical comparisons of endwall

cooling effectiveness results

2 ZRSNE

2.1 WESHREAEXERMNEGH
4 25 W7 A s DX 2% X R A Q ofE U 9

zkxb. xjtu. edu. cn

A LA i BE b 30 v SR U AN I R I Sk A
TERT S X SR 2R A% B0 . 7 S 78 353 48 Al o o X
T &5 DX 38 14 JE 1) T 6 36 Ot 1 B 9 25 UK TR TR R OB
I T B IR B 2R . 2 I R R B A i DX [
BeE ARV A A R I o 1A 4 RS A X AR 23 Al R
R b B i e G R R U AT SR 2 A TR ) B EE A
FITR I R ARV W S RE A8 7E — € A 1 B W58 Ik
PRI SR 3 S M Y R . — Bt 0 o B e 5 T
i W Sk S5 IR0 e BE L 98 S O 2 18] 194 DX 8 56 2 M
BELAS 17 I g i B e U7 I DX IO 5 DR OB 7 i
G DX IR SR S U Y B8 EL R W AR A D
Z0 o 700 53 32 B B s B R R A% e HL AR T
T PR A2 IRV R MR DN S A 1) T 3 A Y
Ao R G BE A R AR O L A L S DX ) T g B
T W82 3 0 4 e o VR g A B e A JE TS AT g )
W R 4 A R G BE OB SL R AL AR R
P 5 B2 114 3 7 v U R T 9 P RE AR R

P4 i s

Fig. 4 Vorticity contours in turbine cascade
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Fig. 5 Cooling effectiveness contours distribution on endwall
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