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ABSTRACT

A computerized axial flow fan design system is developed with the capabilities for predicting the
aerodynamic performance and the noise characteristics of fan. In the present study, the basic fan blading
design is made by combining vortex distribution scheme with camber line design, airfoil selection, blade
thickness distribution and stacking of blade elements. With the designed fan blade geometry, the through-flow
field and the performance of fan are analyzed by using the streamline curvature computing scheme with
spanwise total pressure loss and flow deviation models. Fan noise is assumed to be generated due to the
pressure fluctuation induced by wake vortices of fan blades and to radiate as dipole distribution. The
vortex-induced fluctuating pressure on blade surface is calculated by combining thin airfoil theory and the
predicted flow field data. The predicted performances, sound pressure level and noise directivity patterns of fan
by the present method are favorably compared with the test data of actual fans. Furthermore, the present
method is shown to be very useful in designing the blade geometry of new fan and optimizing design
variables of the fan to achieve higher efficiency and lower noise level.
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Fig. 1 Flow surface in fan blade row
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* Design Specifications of Fan
* Inlet Conditions of Fan
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Determine the Location, Slope and Curvature of
Streamiines in Fan Flow Passage

|

Flow Deviation Model ——->
Spanwise Flow Angle Distribution at Blade Exit

I

Pressure Loss Model -—->
Spanwise Pressure Distribution at Blade Exit

I
!

Ean. of Motion in Radial Direction ~==>
Spanwise Velocity Distribution at Blade Exit

Check for Overall
Continuity Egn. at the Fan
Blade Exit

Adijustment of
New Streamlines

Check for Mass
Conservation of Each
Stream Tube

Calculate the Overall Performance
Parameters ¢f Fan Based on
Mass-Averaging Technique

Fig. 2 Computational procedure of SCM
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Table 1 Low level fan performance result

Total | Static X Noise } Noise
Chord | Speed Efficiency N , | Power
@ |@PW pressure | pressure %) level | level W)
(mmAg) [ (mmAg) (dB) | (dB)
10 300 | 1383 | 1151 | 7386 |7452|67.68| 547
T 450 | 1258 | 1150 | 6843 |[8525[79.23) 541
15 300 | 1337 | 11.04 } 7240 |7589;69.04) 543

450 | 12.16 | 11.03 | 6451 |87.43|8258] 645

Noise level: measured at 1 m above from fan axis center

Noise level”: measured at 1 m above from fan assembly exit
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Fig. 4 Blade sections
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Fig. 5 Computational Grid
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Fig. 6 Comparison of total and static pressure rise
between Fan/Design and FINE/Turbo
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