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Numerical Analysis of a Tip Leakage Vortex
in an Axial Flow Fan
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ABSTRACT

’ Three-dimensional vortical flow and separated flow topology near the casing wall in an axial flow fan having
two different tip clearances have been investigated by a Reynolds—averaged Navier-Stokes (RANS) flow simulation.
The simulation shows that the tip leakage vortex formed close to the leading edge of the blade tip on suction
side grows in the streamwise direction. On the casing wall, a separation line is formed upstream of the leakage
vortex center due to the interference between the leakage vortex and main flow. The reverse flow is observed
between the separation line and the attachment line generated downsiream of the trailing edge, and increased with
enlarging tip clearance. The patterns of a leakage velocity vector including a leakage flow rate are also analyzed
according to two tip clearances. It is noted that the understanding of the distribution of a limiting streamline on
the casing wall is very important to grasp the characteristics of the vortical flow in the axial flow fan.
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Table 1 Design specifications of axial fan rotor

Flow Coefficient 0.39
Pressure Coefficient 0.13
Rotor Rotation Frequency 1000 rpm
Tip Radius 2875 mm
Hub-Tip Ratio 0.52
Inlet Angle at Rotor Tip 68.8 degree
Outlet Angle at Rotor Tip 63.8 degree
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Fig. 3 Distribution of relative velocity on the plane of 99 percent blade height (TC = 2 mm)
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Fig. 4 Limiting streamlines and pressure distribution on casing wall (TC = 2 mm)
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Fig. 5 Limiting streamlines and pressure distribution on casing wall (TC = 4.5 mm)
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Blade Tip Section

(b) Mid span of tip clearance (©) Near rotor tip

(a) Near casing

Fig. 6 Distributions of leakage velocity vectors in tip clearance region (TC = 2 mm)
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Fig. 7 Distributions of leakage velocity vectors in tip clearance region (TC
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(a) Plane | of Fig. 3 (o) Plane Il of Fig. 3
Fig. 9 Distribution of meridional velocity vectors on meridional planes {TC = 4.5 mm)

(a) Plane | of Fig. 3 (b} Plane Il of Fig. 3
Fig. 10 Distribution of absolute vorticity on meridional planes (TC = 2 mm, interval of contour lings = 7)
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Fig. 11 Distribution of absolute vorticity on meridional planes (TC = 4.5 mm, interval of contour lines = 7)
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Casing Casing

(a) Plane 1 of Fig. 3 (o) Plane Il of Fig. 3
Fig. 12 Distribution of total pressure loss on meridional planes (TC = 2 mm, interval of contour lines = 0.2)
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(@) Plane | of Fig. 3 (o) Plane Il of Fig. 3
Fig. 13 Distribution of total pressure loss on meridional planes (TC = 45 mm, interval of contour lines = 0.2)
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