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Performance Characteristics of an Axial Flow Fan According to the
Shape of a Hub Cap

Choon-Man Jang, Seung-Man Choi , Kwang-Yong Kim"™

KeyWords : Axial Flow Fan(5#74%>)), Distorted Ilet Flom(ETY Y77&), Flow Separation(-f-552]),
Hub-Cap(¥]E ), Numerical Simulation(53]3]4])

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, rounded and right-angled front shape, are
tested to investigate the effect of inlet flow distortion on the fan performance. 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 thatnon-uniform axial inlet velocity profile near the hub results in the
change of inlet flow angle. Large recirculation flow upstream the fan rotor for the right-angled hub-cap
induces a negative incidence, thus invokes separated flow on the blade surfaces and deteriorates the
performance of fan rotor.
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Table 1 Axial flow fan specification

Flow Coefficient 041
Total Pressure Coefficient 03
Rotor Rotation Frequency 1000 rpm
Tip Radius, rtip 2875 mm
Hub Radius, rhub 150 mm
Inlet Angle at Rotor Tip 63.8 deg.
Outlet Angle at Rotor Tip 63.8 deg
Measuring Positions Motor
of 5-Hole Pitot Tube L
. Slip ring
Coupling
\

Fan Rotor Hub
Bell-Mouth Inlet

Fig. 1 Schematic view of experimental setup (mm)
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Fig. 2 Distribution of axial velocity measured upstream and downstream of the fan rotor
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(b) axial fan having a right-angled hub-cap

Fig. 4 Side views of hub-cap
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Fig. 6 Distributions of an axial velocity downstream of the
fan rotor at design flow condition
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Table 2 Comparison of performances obtained by numerical
calculation

Total pressure
efficiency (%)
Reference hub cap 87.01

Right-angled hub cap
(d=103.3 % hub radius)

7172
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Fig. 8 Distributions of velocity vectors at mid-pitch (mm)
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Table 3 Effect of installation distance on efficiency

Total pressure efficiency (%)
74.73
7172
78.46

d (percent hub radius)
51.7
1033
155.0
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(©) d = 155% hub radius

Distributions of velocity vector on the meridional plane
of mid-pitch (mm)
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Suction Surface Pressure Surface

Fig.

10 Limiting streamlines on blade surfaces for the fan
having a reference hub-cap
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Fig.

11 Limiting streamlines on blade surfaces for the fan
having a right-angled hub-cap
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