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ABSTRACT

The subway ventilation systems require axial flow fans with relatively high pressure at high flow capacity. Those axial flow
fans generate high noise level. In order to reduce the high noise level, silencers are generally attached to the high-pressure axial
flow fans. In this study a circular type pod silencer with annular two-layered air-passages has been developed to reduce a high
noise level generated from the axial flow fan for building ventilation. In the design process the design parametric study has
been performed using commercial finite element analysis code in order to identify sensitive design variables. The design
optimization have been performed to design the circular-type pod silencer with annular two-layered air. The circular type pod
silencer with annular two-layered air-passages has been manufactured as designed. The noise was measured when the axial flow
fan was attached to the silencer and when it was not attached. Experimental data showed the nose reduction 19dB(A) of overall

sound pressure level. It has been compared with the predicted noise reduction 23dB(A) of overall sound pressure level.
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Parameter
Rotation speed (r/min)
Total Pressure (mmAq)

Efficiency (FEG)

Table 1 Axial flow fan performance and specification
Mass flow rate (m®/min)
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Fig. 2 Axial flow fan noise measurement
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Fig. 7 Finite Element Model of a circular—type pod silencer
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Table 2 Design Variables of Silencer

Continuous variable Discrete variable

sound absorbing material density
(»)
porosity of perforated tubes (o)

external diameter (D))

internal diameter (D)

pod diameter (D,)

thickness of sound absorbing
material (d)

two air gaps (hy, h,)

Silencer length (Z)
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Fig. 12 Influence of corresponding design variable change
on TL of the silencer as (a) silencer length L and (b)
sound absorbing layer thickness d
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Fig. 13 Influence of corresponding design variable change
on TL of the silencer as (a) pod diameter D, and (b) air
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on TL of the silencer as pod diameter D, when the inner
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Table 3 Range of Design Variables
Optimal design variables Range
Pod diameter D), 05m =< D < 10m
thickness of sound absorbing material 02m < d < 03 m
(d)
two air gaps (hy, h,) 02m < h,h, < 04m
sound absorbing material density (p) 32, 48, 64 kg/m’
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Table 4 Comparison of initial model & optimal model

Design variables 1{2:::1 (1)\1/)[22:11]
external diameter (D)) 26 m 24 m
internal diameter (D)) 21 m 2.0 m
pod diameter (Dp) 09 m 0.8 m
thickness of sound absorbing material (d) | 0.25 m 02 m
air gap (hy) 025 m 02 m
air gap (hy) 0.2 m 0.2 m
Silencer length (Z) 43 m 43 m
sound absorbing material density (p) 48 kg/m® | 48 kg/m’
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Two—layered air passages
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Fig. 21 Measured result of the reduced noise spectrum of

the axial flow fan with the manufactured silencer
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