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Influence of Tongue Clearance Flow on Aerodynamic
Noise Source of a Forward Curved Fan

by

Soichi SASAKI™, Akinobu KURODA**, Hidechito Hayashi*

A visualization method of aerodynamic noise source based on momentum in wake of a

centrifugal impeller is proposed. The characteristics of the fan noise operated at the design point and

the off design point are discussed by the visualization. When the flow rate changed from the design

point to the off design point, the overall noise level of the fan has increased by 3 dB (A) because of

the broadband noise. According to the visualization of aerodynamic noise source proposed by this

study, it clarified that the domain of the flow related to the fan noise exists at the vicinity of the volute

tongue. Since the flow almost flows out to the exit of the fan at the off-design, the large difference of

the momentum in the wake occurred at the vicinity of the volute tongue. It is shown that the flow

pattern at the vicinity of the volute tongue is one of the reasons for increasing of the fan noise.
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Fig. 1 Test Impeller

Table 1 Main dimensions of test impeller

Inner diameter , D; (mm) 107
Outer diameter , D, (mm) 125
Chord length , C (mm) 9
Number of blades , B 40
Span length , b, (mm) 50
Thickness , ¢ (mm) 1

1.0m

Impeller Orifice Subsidiary Fan
Static Pressure Tap \
v
L]
Chamber; 1500 x 900 \ \)
Honeycomb

Fig. 2 Experimental apparatus
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Table 2 Experimental setup and measurement method

O 500 mm X 900m m
2800 rpm

Ono-Sokki
SS-005 (0.5 Nm)

Plenum Chamber

Rotation Speed

Torque Meter

Distance 1.0m
Microphone Y2 inch
Noise Level Meter | Ono-Sokki
LA4350
FFT Analyzer Ono-Sokki
CF5210

Fig. 3 Model for Computational Fluid Dynamics

Table 3 Summary on numerical simulation

Rotation Speed 2800 rpm
Number of Elements | 5,000,000
Inlet Boundary P,=0 (Pa)
Outlet Boundary P.=0 (Pa)
Turbulent Model SSTk-®
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Fig. 4 Velocity triangles
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Fig. 5 Aerodynamic characteristics
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Fig. 6 Noise characteristics
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Fig. 7 Noise spectra generated from the fan

(b) off-design point ( ¢ = 0.25)
Fig. 8 Visualization of noise source at the vicinity of

volute tongue (view point A in Fig. 3)
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(b) off-design point ( ¢ = 0.25)
Fig. 9 Visualization of noise source at the vicinity of
exit of the fan (view point B in Fig. 3)
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(b) off-design point (¢ = 0.25)

Fig. 10 Velocity distribution in section of mid-span

(a) design point (¢ =0.14)
Fig. 11 Pressure distribution in the section of mid-span
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500.f1d

IR,

(b) off-design point (¢ = 0.25)

Fig. 12 Velocity vector in the section of mid-span
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(a) design point (¢ =0.14)

(b) off-design point ( ¢ = 0.25)

Fig. 13 Velocity vector in the section of mid-span (Enlargement of tongue clearance flow)
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