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Conjugate Heat Transfer on the Performance of Rotating
Components in Ultra-Micro Gas Turbines

YAO Xuerui',XU Mengjuan’,LIU Zhao',FENG Zhenping'
(1. School of Energy and Power Engineering, Xi’ an Jiaotong University, Xi’an 710049,
China;
2. School of Mechanical Engineering, Xi’ an Jiaotong University, Xi’an 710049, China)

Abstract: To reveal the influence mechanism of internal axial heat transfer within the rotor on the
aerodynamic performance of rotating components in an ultra-micro gas turbine, and to evaluate the
performance recovery effect of an internal cooling structure, a conjugate heat transfer method was
employed to numerically simulate the flow and heat transfer in a 350 W ultra-micro gas turbine rotor.
The effects of internal heat transfer and in-shaft cooling on component performance were comparatively
analyzed. The results indicated that internal heat transfer reduced the centrifugal compressor pressure
ratio by 5.56% and efficiency by 3.05%, and decreased the radial turbine output power by 10.96% and

efficiency by 2.47%. However, the heat transfer also stabilized the internal flow structures of the
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compressor and turbine to a certain extent, thereby reducing flow losses. With the implementation of the
internal cooling structure, the compressor pressure ratio and efficiency were increased by 1.13% and
0.98%, respectively, the turbine output power was raised by 2.90%, and the turbine efficiency was
improved by 0.10%. Notably, the temperature of the cantilevered shaft was reduced by 45.1%. Based on
the flow stabilization effect induced by heat transfer, a design strategy of appropriately adopting higher
blade loading was proposed to compensate for the power output degradation caused by heat transfer.
The internal cooling structure was shown to effectively lower the cantilevered shaft temperature and
improve the bearing operating environment, thereby providing an effective thermal protection scheme
for the long-term stable operation of ultra-micro gas turbines under compact configurations.

Keywords: ultra-micro gas turbine; centrifugal compressor; radial inflow turbine; conjugate heat

transfer; numerical simulation
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