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Composite cooling structure on rotating turbine blade

ZHU Xing-dan, ZHANG Jing-zhou, TAN Xiao-ming

(Jiangsu Province Key Laboratory of Aerospace Power System,
College of Energy and Power Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Composite cooling performance of a rotating turbine blade cooling structure
was investigated through heat transfer simulation with three-dimensional fluid-solid cou-
pling. and the effects of radiation heat transfer and rotational speed on overall cooling effec-
tiveness were discussed. Results showed that a local high-temperature area around the blade
hub and hence a large scope of low cooling effectiveness occurred, leading to a nonuniform
distribution of overall temperature for blade structure 1. The cooling effectiveness adjacent
to the leading edge was improved, lessening the low effectiveness area as a result of more
reasonable film flow distribution of blade structure 2. The cooling effectiveness on blade suc-
tion side was markedly enhanced through internal serpentine passages and a uniform distribu-
tion of integral cooling effectiveness was obtained for blade structure 3. The blade tempera-
ture increased with a regional temperature increment over 50 K for the surface emissivity of
1, while the effect of radiation heat transfer can’t be ignored. The overall cooling effective-
ness on pressure side improved with the augmentation of rotational speed, resulting in a
highest regional increase percentage of 15. 6%, 13.4% and 16.4% for the three structures,

respectively. Nevertheless, the cooling effectiveness on suction side produced little change
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except a reduction at mid-chord region with the increase of rotational speed.

Key words:
fluid-solid coupling
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Table 1 Coolant inlet mass flow rate
Structure Mass flow rate/(kg/s)
number  Inlet [  Inlet [[ Inlet l  Inlet IV

Structure 1 0.03948 0.00658 0.01974

Structure 2 0.0329 0.00658 0.00658 0.01974

Structure 3 0.01974 0.02303 0.02303
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