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Cooling Structures under Anisotropic Thermal Conductivities

DONG Liangchen, JIANG Yuting, ZHANG Haosu, CHEN Chenlin
(College of Power and Energy Engineering, Harbin Engineering University, Harhin, China, Post Code: 150001 )

Abstract; Numerical calculations were carried out on the overall heat transfer characteristics of conjugate
heat transfer and flow of rib and film cooling structures under anisotropic thermal conductivities. The o-
verall cooling efficiencies, the Biwer number, and the interaction of the film cooling with the rib and the
effect of both on the cooling under the influence of anisotropic thermal conductivities for cooling channels
with continuous rib, smooth and interrupted rib were compared and analyzed. Overall cooling characteris-
tics of different cooling channel models were investigated under the conductivity ratios of 1, 2 and 5 and
main thermal conductivity directions along the X, Y and Z axes for flat plane. The results show that the

increase of main thermal conductivity coefficients has little effect on the average overall cooling efficiency,

Wi EE2023 12 -25; {&ITHHEA.2024 -02 -08

E£WMA . EHEKARPEE S (52071107) 5 P EE G RHEEE 4 (2019M661254,2021T140147 )

Fund-supported Project: National Natural Science Foundation of China (52071107 ) ; China Postdoctoral Science Foundation (2019M661254 ,
2021T140147)

EHZ B LR (2000 - ), 5, WA JRIE TR K F M+ 5 2k

BIEMEE  ZEELE1987 - ) B, M/RIE TR KR,



S 14 - g

& o T O 2024 4F

but makes the cooling distribution more uniform. The average overall cooling efficiency under main ther-
mal conductivity direction along the Z-axis is 5% —9% higher than any other case, the average overall
cooling efficiency under main thermal conductivity direction along the X-axis is the lowest and the distri-
bution of the cooling zone is more concentrated. The ribs can improve the average overall cooling efficien-
cy by 2% to 5% compared with smooth channels, and the interrupted ribs have better performance than
continuous ribs. The outlet temperature of the film hole is 14 — 18 K higher under main thermal conduc-
tivity direction along the Z-axis than that under the other two directions, and this temperature affects the
actual film cooling efficiencies. The total efficiency of the 1ib is about 1. 7% higher under main thermal
conductivity direction along the Z-axis compared to that under the other two directions and the total heat
transfer coefficient is about 4.7 times higher than that under the other two directions.

Key words: anisotropic thermal conductivity coefficieints, film cooling, ribbed channel, conjugate heat

transfer and flow, numerical simulation
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