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Flow in a High Speed Compressor Due to Axisymmetric Tip

Hyun Suk Joo, Seung Jin Song”
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ABSTRACT
The effects of finite gap at the tip of turbomachinery blades have long been topics of both theoretical

and experimental research because tip clearance degrades turbomachinery performance. This paper presents
an analytical study of radial flow redistribution in a high speed compressor stage with axisymmetric tip
clearance. The flow is assumed to be inviscid and compressible. The stage is modeled as an actuator disc
and the analysis is carried out in the meridional plane. Upon going through the stage, the radially uniform
upstream flow splits into the tip clearance and passage flows. The tip clearance flow is modeled as a jet
driven by blade loading, or pressure difference between the pressure and suction sides. The model takes
into consideration the detached shocks which occur in the rotor passage at the design point. This shock
model is used to calculate the density ratio across the stage. Thus, the model is capable of predicting the
kinematic effects of tip clearance in the high speed compressor flow field.
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Fig. 1 The tip clearance flow model (Martinez-Sanchez)

0) Vorticity Axis

Fig. 2 Geometry of compressor tip vortex roil up (Roh)
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Fig. 3 A compressor stage with rotor tip clearance
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Fig. 4 An extended control volume in the rotor passage
with shock
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Fig. 5 Radial distribution of relative axial velocity at

rotor exit
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Fig. 6 Radial distribution of relative tangential velocity
at rotor exit
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Rotor

Fig. 7 Tip clearance and passage flows at rotor exit
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Leakage mass flow amount vs. tip clearance for
the test compressor
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