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Toward Numerical Simulation of Rotating Stall Inception in Compressor Rotor
(Stall Phenomenon Induced by Breakdown of Blade Tip Leakage Vortex)

by
Masato FURUKAWA, Kazuhisa SAIKI,Kazutoyo YAMADA ,Masahiro INOUE

ABSTRACT

The breakdown of tip leakage vortex has been investigated on a low-speed axial compressor rotor with moderate blade
loading. Effects of the breakdown on the rotor aerodynamics are elucidated by Navier-Stokes flow simulations and visual-
ization techniques for identifying the breakdown. The simulations show that the leakage vortex breakdown occurs inside
the rotor at a lower flow rate than the peak pressure rise operating condition. The breakdown is characterized by the exist-
ence of the stagnation point followed by a bubble-like recirculation region. The onset of breakdown causes significant
changes in the nature of the tip leakage vortex: large expansion of the vortex and disappearance of the streamwise vorticity
concentrated in the vortex. The expansion has an extremely large blockage effect extending to the upstream of the leading
edge. The disappearance of the concentrated vorticity results in no rolling-up of the vortex downstream of the rotor and
the disappearance of the pressure trough on the casing. The leakage flow field downstream of the rotor is dominated by the
outward radial flow resulting from the contraction of the bubble-like structure of the breakdown region. It is found that the
leakage vortex breakdown plays a major role in characteristic of rotor performance at near-stall conditions. As the flow
rate is decreased from the peak pressure rise operating condition, the breakdown region grows rapidly in the streamwise,
spanwise and pitchwise directions. The growth of the breakdown causes the blockage and the loss to increase drastically.
Then, the interaction of the breakdown region with the blade suction surface gives rise to the three-dimensional separation
of the suction surface boundary layer, thus leading to a stall. This three-dimensional stall is substantially different from a

two-dimensional blade stail.
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Fig.1 Computational Grid
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Fig.2 Vortex cores colored with normalized helicity distribution,
casing wall pressure distribution and leakage streamlines for
flow rate ¢=0.50
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Fig.3 Streamwise absolute vorticity distributions on crossflow
planes perpendicular to tip leakage vortex and leakage
streamlines for flow rate ¢=0.50
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Fig.4 Total pressure loss distributions on crossflow planes
perpendicular to tip leakage vortex and leakage streamlines for
flow rate ¢=0.50
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Fig.5 Vortex cores colored with normalized helicity distribution,
casing wall pressure distribution and leakage streamlines for flow
rate ¢=0.37

Fig.6 Breakdown of tip leakage vortex for ¢=0.37
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Fig.7 Flow topology of vortex breakdown
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Fig.8 Streamwise absolute vorticity distributions on crossflow
planes perpendicular to tip leakage vortex and leakage
streamlines for flow rate ¢=0.37
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Fig.9 Total pressure loss distributions on crossflow planes
perpendicular to tip leakage vortex and leakage streamlines for
flow rate ¢=0.37
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Vortex
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Fig.10 Vortex cores colored with normalized helicity distribution,
casing wall pressure distribution and leakage streamlines for flow
rate ¢=0.36
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Fig.11 Streamwise absolute vorticity distributions on crossflow
planes perpendicular to tip leakage vortex and leakage
streamlines for flow rate ¢=0.36
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Fig..12 Secondary flow vectors and vortexwise velocity
distributions on crossflow planes for ¢=0.36
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Fig.13 Vortex cores colored with normalized helicity distribution,
casing wall pressure distribution and leakage streamlines for flow
rate ¢=0.35
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