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Numerical Study on Characteristics of Flow and Heat Transfer of
Steam Vortex Cooling for Blade Leading Edges

DU Changhe, LI Sen, LI Liang, FENG Zhenping

(Institute of Turbomachinery, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The fundamental principle of steam vortex cooling is numerically investigated by means
of 3-D Reynolds-averaged Navier-Stokes equations coupled with the standard k-w turbulent
model. Effects of Reynolds number and inlet to wall temperature ratio on the flow and heat
transfer characteristics are analyzed to clarify the mechanism of steam vortex cooling and to
summarize properties of the flow and heat transfer. The heat transfer correlation of steam vortex
cooling is obtained based on numerical data. The results show that violent convective motion is
caused by the high speed rotational flow of steam in the vortex chamber, and results in an
enhanced heat transfer performance. When the Reynolds number is increased, the heat transfer
coefficient increases while the friction factor significantly decreases because of an increase in
steam vorticity. An increase in inlet to wall temperature ratio results in a slight decrease in heat
transfer coefficient, an increase in steam vorticity a decrease in density, and a clear decrease in
friction factor of vortex chamber. The thermal performance factor increases as the Reynolds
number is increased, and decreases as the temperature ratio is increased. The heat transfer
correlation can be applied to predict the heat transfer coefficient of steam vortex cooling.
Keywords: steam vortex cooling; flow and heat transfer; friction factor; heat transfer

correlation; numerical simulation
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