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Effects of Blade Tip Leakage on the Aerodynamic Performance and
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Abstract: A three-dimensional computational fluid dynamics (CFD) model of a single-channel
unshroud cascade was established based on the SNECMA’s transonic experimental turbine rig.
The simulations were performed by solving the Reynolds-averaged Navier-Stokes ( RANS)
equation. Four types of blade tip structures (flat-tip and standard-casing, squealer-tip and
standard-casing, flat-tip and bilateral-groove-casing, and squealer-tip and bilateral-groove-casing)
were studied. The effects of blade tip leakage and its mixing with the mainstream on aerodynamic
performance and excitation force were investigated. The results showed that the structure of
squealertip and standardcasing has the largest isentropic efficiency, and the bilateral-groove-
casing structure reduces the isentropic efficiency. The tangential blade force increases first and

then decreases as the blade tip clearance increases. Meanwhile, the tangential blade force of the
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flat-tip and standard-casing structure is the largest and changes smoothly. Furthermore, the

blade tip leakage has obvious influence on the static pressure distribution at 99% blade span,

especially at the 67% axial chord of the suction surface. The increase of blade tip clearance

reduces the static pressure, thereby increasing the tangential blade force. The structure of flat-tip

and standard-casing has a larger “crossing gap” and smaller force sensitivity coefficients, which

further expands the blade tip clearance interval to promote stable rotor motion. The mechanism

and characteristics of the excitation force are analyzed in this study, which provides a theoretical

basis for the optimal design of the blade tip structure and the improvement of excitation force.

Keywords: transonic turbine; tip leakage; tip clearance; aerodynamic performance; excitation

force
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