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Unsteady Flow Characteristics of an Axial Flow Fan
Installed in the Outdoor Unit of Air Conditioner
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ABSTRACT

The unsteady nature of vortex structures has been investigated by a large eddy simulation (LES) ir. an
axial flow fan with a shroud covering only the rear region of its rotor tip. The simulation shows that the
tip vortex plays a major role in the structure and unsteady behavior of the vortical flow in the fan. The
movements of the vortex structures induce high-pressure fluctuations on the rotor blade and in the blade
passage. Frequency characteristics of the fluctuating pressure on the rotor blade are analyzed using wavelet
transform. The dominant frequency of the real-time pressure selected at the high pressure fluctuation region
corresponds well to that of the fluctuating rotor torque and the experimental result of fan noise. It is mainly
generated due to the unsteady behavior of the vortical flow, such as the tip vortex and the leading edge
separation vortex.
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Table 1 Design specifications of fan

Flow Coefficient 0.27
Pressure Coefficient 0.22
Rotor Rotation Frequency 670 rpm

Tip Diameter 380 mm
Hub-Tip Ratio at Rotor Inlet 0.318
Number of Blade. 5
Solidity at Tip 0.7
Hub Inclination 20 deg.
Tip Inclination 0
i LDV Measuring
1] A Fields
B
Fan Grille
1m
Hub Motoirincoder Microphone
h Shroud
Fan Rotor]
S

-
Condenser

Fig. 1 Side sectonal view of experimental apparatus
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Fig. 3 Tangential distribution of meridioanl velocity
vectors and streamlines (LDV results)
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Fig. 4 Trajectory of tip vortex core
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Fig. 7 Vortex cores colored with normalized helicity
in time-averaged flow field

(b) pressure surface

Fig. 8 Pressure fluctuation on suction surfaces with
limiting streamlines in time-averaged flow
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