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Numerical Simulations of Tip Leakage Vortex Breakdown in Axial Compressor Rotors

by
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ABSTRACT

Internal flow fields in low-speed axial compressor and transonic axial compressor (NASA Rotor 37) rotors have been
investigated by Navier-Stokes flow simulations. The behavior of vortices inside rotor passage was revealed by visualiza-
tion techniques for identifying vortex and LIC(Line Integral Convolution). The simulations about the low-speed compres-
sor rotor show the unsteady vortex behavior caused by spiral-type breakdown of the tip leakage vortex. As the flow rate is
decreased from the near-stall conditions, the movement of the tip leakage vortex due to the vortex breakdown becomes so
larger that the leakage vortex interacts with the suction surface as well as the pressure one. The interaction gives rise to the
three-dimensional separation of the suction surface boundary layer. Furthermore, it is found that the breakdown of the tip
leakage vortex in the transonic compressor rotor is caused by the interaction between the vortex and the shock wave at a
near-stall condition. The expansion of the leakage vortex due to its breakdown dominates the blockage near the casing.
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Fig. 2 Instantaneous vortex structure for Fig. 4 Instantaneous structure of tip leakage vortex
¢ =0.50 ( Design point ) for ¢ =0.36

Tip
otation :

Hub
Fig. 5 Instantaneous limiting streamlines on blade
suction surface for ¢ =0.36

(b) '=130.0

(c) t'=132.5 (c) *=132.5

Fig. 6 Unsteady behavior of tip leakage vortex Fig. 7 Limiting streamlines on blade suction
due to vortex breakdown for ¢ =0.34 surface for ¢ =0.34
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Fig. 8 Instantaneous structure of three-dimensional
separation on blade suction surface induced
by breakdown of tip leakage vortex ( ¢ =0.34)
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Fig.10 Flow field nar rotor tip at 98% of
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Fig.11 Streamwise vorticity distribution on crossflow
planes at 98% of choke massflow rate
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Fig.12 Flow field near rotor tip at 91% of
choke massflow rate (near-stall)

D M 00

(a) Streamwise vorticity distributon

H,
I 1.0
LI
BlPlane I}
[ Plane I | Cp e
M‘ . '
[:?’Plane |
f : )
i | 0.0

(b) Total pressure loss distribbn

Fig.13 Flow distributions on crossflow planes at
91% of choke massflow rate (near-stall)
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