PrenEeets A A6 455, pp. 661~669, 1996.

2% Ao TE-SRHA A5 w2 oS AT

Aero-acoustic Performance Prediction Method and Parametric Studies

Key Words

A1), Pressure Loss(9F& £ 4l),

FAED,

of Axial Flow Fan

o]

Els

Chan-Lee

(199611 74 20 Aa= 11996 94 114

:Aero-acoustic Performance (23 -&-3F3}2)
Dipole Distribution (Z=a}58 ),

H‘—)

Thin Airfoil Theory (1}&27)o] &),

*

A AbShR)

Parametric Study (vf] 7} = <=

ABSTRACT

Quasi 3-D Flow Analysis(F 3¢
Wake Vortex Street (%
)

OE-

MARNS)
E

Proposed is an aero-acoustic performance prediction method of axial fan. The fan aerodynamic

performance is predicted by combining pitch-averaged quasi 3-D flow analysis with pressure loss
models for blade boundary layer and wake, secondary flow, endwall boundary layer and tip leakage
flows. Fan noise is assumed to be radiated as dipole distribution type, and its generation is assumed
to be mainly due to the vortex street shed from blade trailing edge. The fluctuating pressure and lift
on the blade surface are analyzed by incorporating the wake vortex street model with thin airfoil

theory. The aero-acoustic performance prediction results by the present method are in good agreement

with the measured results of several axial fans,
studies are carried out to investigate the effects of blade chord length and spacing on the efficiency and

the noise level of fan.

With the present prediction method, parametric

In the case of lightly loaded fan, both efficiency improvement and noise

reduction can be achieved by decreasing chord length or by increasing blade spacing. However, when

fan is designed at highly loaded condition, the noise reduction by increasing blade spacing penalizes the

attaninable efficiciency of fan.
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Table 2 ‘Comparisons of overall desing-point fan effi-

ciencies
Overall fan efficiency (%)
NASA fan unit
Present method | Experiment! [Relative error(%)
23B-20 90.55 92.10 1.68
24A-20 90.44 92.10 1.80
25A-20B 92.90 93.50 0.64
26B-21 91.90 91.30 0.06
27A-21 90.89 91.30 0.45
28B-22 89.37 90.10 0.81
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Table 3 Comparisons of overall sound pressure levels of
fans

Overall sound pressure level (dB)

Test fan unit

Present method | Experiment''*'® Relative error (%)
Mugridge #1 86.96 86.00 1.10
Mugridge #2 78.07 80.00 2.41
Mugridge #3 81.69 84.00 2.75
Longhouse 2] 94.09 94.00 0.10
Longhouse %2 91.17 87.70 3.96

* Note:Design data of test fans are cited from ref.
(12) & (13).
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