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Unsteady Nature of a Tip Leakage Vortex in an Axial Flow Fan
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Abstract

Unsteady nature of a tip leakage vortex in an axial flow fan operating at a design and off-design operating

conditions has been investigated by measuring the velocity fluctuation in a blade passage with a rotating hot-
wire probe sensor. Two hot-wire probe sensors rotating with the fan rotor were also introduced to obtain the

cross-correlation coefficient between the two sensors located in the vortical flow as well as the fluctuating

velocity. The results show that the vortical flow structure near the rotor tip can be clearly observed at the

quasi-orthogonal planes to a tip leakage vortex. The leakage vortex is enlarged as the flow rate is decreased,

thus resulting in the high blockage to main flow. The spectral peaks due to the fluctuating velocity near the

rotor tip are mainly observed in the reverse flow region at higher flow rates than the peak pressure operating

condition. However, no peak frequency presents near the rotor tip for near stall condition.
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Table 1 Design specifications of axial fan rotor

Flow Coefficient 0.41
Total Pressure Coefficient 0.3
Rotational Speed 1000 rpm
Tip Radius 287.5 mm
Hub-Tip Ratio 0.52
Chord Length at Tip 131 mm
Solidity at Tip 0.65
Blade Profile NACAG6S Series
Number of Blade 9
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Fig. 2 Test blade measuring system
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Measurement Positions Low Velocity Region

(Ve <0.7)

Fig. 3 Experimental grid in the blade passage
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(b) Contour of velocity fluctuation
(interval of contour lines = 0.025)

Fig. 4 Contour of relative velocity and velocity
fluctuation on the quasi-orthogonal plane to the tip
leakage vortex (@= 0.28)
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(b) Contour of velocity fluctuation
(interval of contour lines = 0.017)

Fig. 5 Contour of relative velocity and velocity
fluctuation on the quasi-orthogonal plane to the tip
leakage vortex (@ = 0.31)
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(b) Contour of velocity fluctuation
(interval of contour lines = 0.01)

Fig. 6 Contour of relative velocity and velocity
fluctuation on the quasi-orthogonal plane to the tip
leakage vortex (@= 0.41)
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(b) Contour of velocity fluctuation
(interval of contour lines = 0.02)

Fig. 7 Contour of relative velocity and velocity
fluctuation on the quasi-orthogonal plane to the tip
leakage vortex (@ = 0.47)
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