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Research on the Effect of Film Cooling on the Loss Characteristics of
a High Pressure Turbine Cascades

YIN Lin-lin, ZHANG Yong, LI Zhi-jun, MA Lei
(AECC Shenyang Engine Research Institute, Shenyang, China, Post Code: 110015)

Abstract; In order to obtain the loss characteristics of the fully film air cooled turbine cascade, experi-
ments and numerical simulation methods were used to study the influence of cold air jet on cascade loss
characteristics under different cold air flow rates and outlet Mach numbers conditions. The accuracy of the
simulation analysis method for large cold air cascades was verified through comparison of experimental and
numerical simulation results such as static pressure cloud map of the cascade channel and pressure distri-
bution on the balde surface. The results show that under the same cold air flow rate ratio, the energy loss
coefficient of air cooled cascades first decreases and then increases with the increase of Mach number,
with the lowest loss near the design Mach number; the energy loss coefficient of the air cooled cascade in-
creases with the increase of the cooling air flow rate ratio, and the energy loss coefficient is the highest
when both the front and rear chambers are cooled, while the energy loss coefficient is the lowest when the
front chamber is individually cooled; the energy loss coefficient of the air cooled cascade increases with
the increase of the temperature ratio between the cooling air and the mainstream.
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Fig. 1 Plane cascade tester
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Fig. 2 Schematic diagram of plane cascade
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Fig. 3 Uncooled cascade test section
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Fig. 4 Air cooled cascade test section
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Fig. 5 Air cooled sectorial cascade test piece
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Fig. 6 Sectional view of air cooled cascade
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Tab. 1 Parameters of cascade and film holes

ZH BfH
R 9
5%/ mm 40
755/ mm 120
9 #E/mm 33
it/ 0) 0
L2/ mm 0.4
LA/ mm 3.4
fLHERL 23
A EA 26
B¥JE/ mm 1.2
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Fig. 7 Schematic diagram of computational model
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Tab. 3 Grid independence verification
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Fig. 8 Static pressure distribution of uncooled cascade

channel at different outlet Mach numbers

K9 & 10 25l i 1 it SR M, =0.9 T
DU JGHe R G U A T 20 A, 0
SRAERBIIER, —H A & R
T Pt I A P 2 K 3, 7 i Ao 2 A B
T ¥ A P, Al R TR B Rk o X HUA TEve R
P RE B R A0 o AT UR R, R SR s
VRHEANS TG B A= I3, 78 A E A
T R BT I ) Ty e Bl A R g i e FR
PR ARSI O 1 5 O A R AR A
DX SR B BA) P T 48 % BT A7 A T 8 Py — Bk

CITIT ) O |
0.090 0098 0.106 0.114 0.122 0.130 0.138 0.146 0.154 0.162 0.170

9 M,=0.9 TRTRRSHIHEERESHZE
Fig. 9 Static pressure distribution nephogram of uncooled

cascade channel at M, =0.9
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Fig. 10 Static pressure distribution nephogram of air

cooled cascade channel at M, =0.9
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