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Performance Characteristics Due to the Inflow Distortion
near Hub in an Axial Flow Fan

Choon-Man Jang, Seung-Man Choi, Kwang-Yong Kim™
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Z 2 H), Distorted Inlet Flow(E7Y 9758

ABSTRACT
Performance characteristics of an axial flow fan having distorted inlet flow have been investigated using

numerical analysis as well as experiment. Two kinds of hub-cap, round shape and right-angled front shape,
are tested to investigate the effect of inlet flow distortion on the fan performance. In case of right-angled
front shape, axisymmetric distorted inflow is induced by flow separation at the sharp edge of hub-cap, and
the characteristics of the inflow depends on the distance between hub-cap and blade leading edge. Flow
analysis of the blade passage is performed by solving the three~dimensional Reynolds-averaged
Navier-Stokes equations. Numerical solutions are validated in comparison with experimental data measured
by a five-hole probe downstream of the fan rotor. It is found from the numerical results that non-uniform
axial inlet velocity profile near the hub results in the change of inlet flowangle. The changed inlet flow
angle near the hub invokesa flow separation on the blade surfaces, thus deteriorating the fan efficiency. The
effect of the distance between hub-cap and blade leading edge on the efficiency is also discussed.
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Table 1 Axial flow fan specifications

Flow Coefficient 041
Total Pressure Coefficient 03
Rotor Rotation Frequency 1000 rpm

Tip Radius 2875 mm

Hub-Tip Ratio 0.52
Inlet Angle at Rotor Tip 68.8 degree
Qutlet Angle at Rotor Tip 63.8 degree
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(b) Axial fan having a right-angled hub-cap

Fig. 1 Side views of hub-cap
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Table 2 Comparison of performances at design point

Total pressure | Total pressure
efficiency % coefficient
Reference hub cap 87.01 0.31
Right-angled  hub 770 05
cap

(b) Pressure surface

Fig. 8 Limiting streamlines on blade surfaces for the
fan having a reference hub-cap
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Fig. 9 Limiting streamlines on blade surfaces for the
fan having a right-angled hub-cap
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Table 3 Effect of installation distance on efficiency

d (percent hub radius) | Total pressure efficiency %
0 7342
51.7 7473
103.3 7172
155.0 78.46
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