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Abstract: To further optimize the cooling performance at the vane leading edge of the modern ad-
vanced high-pressure turbine, this paper establishes a NASA C3X turbine vane model in which
the upstream chamber is subject to the array impingement-film composite cooling. Fluid-solid
conjugate heat transfer analyses are conducted to numerically investigate the flow and heat trans-
fer characteristics of the coolant inside the vane. The effect of second-impingement structure on
the composite cooling performance of the leading edge is studied with the amount of coolant mass
flux in the common range. The results show that the second-impingement has little effect on con-
vective heat transfer of the target, but can enhance the convective heat transfer intensity of the
coolant in the whole flow path. The second-impingement can also balance the distribution of cool-
ant in film holes in different regions and effectively reduce the temperature of the solid domain

near film holes, especially for the leading-edge area with the showerhead. Meanwhile, under the
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heat conduction of the solid domain, the low temperature area near film holes will affect the re-

gion nearby, causing a reduction in overall temperature. In addition, the second-impingement sig-

nificantly improves the composite cooling of the vane surface, especially the leading edge. The

optimizing effect on the upstream surface generally increases first and then decreases with the in-

crease of the mass flux of coolant, reaching a highest value of about 4. 44 % when M is 1.25%.

The optimizing effect on the leading edge generally decreases first and then increases with the in-

crease of the mass flux of coolant, reaching a highest value of about 9. 66% when M is 1.50%,
and a lowest value of about 11.70% when M is 2. 25%.

Keywords: leading-edge; conjugate heat transfer; impingement cooling; film cooling
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Fig. 1 Model of composite cooled vane

A1 C3X A Ak

Table 1 Geometrical parameters of C3X
28 K fH
%K C/mm 144. 93
i 52K C../mm 78.16
AEA B/ 59. 89
HITA B/ (D 72.38
WHEE P/mm 117.73
& H/mm 77.22

inf ok L T ) 0 A 80 A 2 e 3 A KO0 T 5 )
i 2 A3 A 7 AR R B R TR MG A AT R T
Vo 1B BB VB3 I 5 AT A R AT 0 T S B A
A [RIE Sy sl G iy op S B R 2 S A A
P I A J 5 R W T 5 DX B 14 3 R A [T AR A
M TR U=y B2 T iR
FE YA 0 25 ) (o 45 48 ) AR o - — ok o o - RO 4D
S5 (Rt 24 (Y ) T s 1 i R L s — A
PR E A — A o E L A Il i 12 HESF R

a-a

(3.£5,£7)

MTEE o

R
Erms — |8
— |

() FEFI oh it - B A ¥ B 45 1)

a-a

(£5.55) — R E
==

0 —> (&4 Ut
N ey (
—> -« —_— |

(b) B3 o - R v - E AR H 454
2 3k v 5 ) R ot 65 4 1) ) T R 2 R

Fig. 2 Cross-sectional schematic diagram of the basic

structure and optimized structure
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Table 2 Geometrical parameters of film/impingement holes
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leading edge under different node numbers
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Table 4 Comparison of numerical prediction under different

node numbers
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Fig. 6 Comparison between numerical prediction and

experimental data of vane C3X
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