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Transfer Behavior of Vortex and Impingement Cooling
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(Institute of Turbomachinery, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The simple vortex, composite vortex, simple impingement and composite impingement
cooling models are established to investigate the flow and heat transfer behavior difference
between vortex cooling and impingement cooling. The numerical method is carried out with the
same geometrical chamber of turbine blade leading edge and under the same aerodynamic
conditions to obtain the streamline structure, pressure and heat transfer intensity distributions for
different models. The results show that vortex cooling obviously differs from impingement
cooling in flow pattern. Vortex cooling air jets circumferentially through jet nozzles into the
chamber and generates rotational flow. Hence high pressure region appears near the wall and low
pressure region appears near the chamber centerline. Impingement cooling air injects through
impingement holes into the chamber and impacts on the target to lead a pressure peak region near
the impact point. Vortex cooling also significantly differs from impingement cooling in heat
transfer. Vortex cooling air intensely scours the chamber wall, and reduces the thermal boundary
layer to form a banding high heat transfer region. Impingement cooling air intensely impacts the

target, destroys the thermal boundary layer to form a circular high heat transfer region. Vortex
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cooling makes heat transfer more uniform and resistivity stronger to restrain cross flow. For

vortex cooling, bleed holes can disturb air vortex flow intensely and expand the banding high heat

transfer region, leading to 4.5% heat transfer enhancement. For impingement cooling, bleed

holes exert a slight effect on flow field and heat transfer intensity.
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