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Influences of Rotating Radius and Blade Setting Angle on Rotor Vortex
Cooling Flow and Heat Transfer Characteristics

DU Changhe, FAN Xiaojun, LI Liang, FENG Zhenping

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

Abstract: A vortex chamber model under rotating conditions is established to study the
application of vortex cooling in aircraft engine turbine rotor blades. The flow and heat transfer
behaviors of impingement and vortex cooling under static and rotating conditions are compared
and analyzed. The effects of rotating radius and blade setting angle on rotor vortex cooling
behavior are studied. Results show that the rotation of blade vortex chamber can change the
aerodynamic and thermal performance of vortex cooling significantly. Under rotating conditions,
the centrifugal and Coriolis forces are generated in the vortex chamber. The centrifugal force
pushes cooling air to the shroud direction and enhances cooling air crosswise impact effect,
driving the high heat transfer region deviating downstream. The Coriolis force direction is axial
upstream or downstream. It will induce axial back flow of cooling air and enhance cooling air
mixing. Therefore, the circumferential velocity of injected cooling air is decreased, thus
obviously decreasing the heat transfer intensity. Under rotating conditions, the heat transfer
intensity of vortex cooling is 27.6% higher than impingement cooling. Compared with static

conditions, the heat transfer intensity of impingement cooling and vortex cooling under rotating
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conditions will decrease by 30.0% and 18. 6%, respectively. When the rotating radius of blade

vortex chamber increases, the circumferential velocity of cooling air and the target wall’s globally

averaged Nusselt number will decrease slightly. With the decrease of blade setting angle, the

vortex cooling flow field and the globally averaged Nusselt number almost keep unchanged, and

the circumferentially averaged Nusselt number distribution turns more nonuniform.

Keywords: vortex cooling; rotating radius; blade setting angle; flow and heat transfer
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