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Development of the Computer Program for Predicting the
Aero-acoustic Performance in the Design Process of Axial
Flow Fan

Dong-Kyu Chung, Soon-Seong Hong' and Chan Lee

ABSTRACT

Developed is a computer program for the prediction of the aero-acoustic performance characteristics such
as discharge pressure, efficiency, power and noise level in the basic design step of axial flow fan. The flow
field and the aerodynamic performance of fan are analyzed by using the streamline curvature computing

scheme with total pressure loss and flow deviation models. Fan noise is assumed to be generated due to

the

pressure fluctuations induced by wake vortices of fan blades and to radiate via 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 aerodynamic performances, sound pressure level and noise directivity

patterns of fan by the present computer program are favorably compared with the test data of actual

fan.

Furthermore, the present computer program is shown to be very useful in optimizing design variables of fan
with high efficiency and low noise level and in analyzing their design sensitivities.
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Fig. 1 Flow surfaces in fan blade rows

* Design Specitications of Fan
+ inlet Conditions of Fan

Determine the Locatlon, Slope and Curvature of
Streamiines in Fan Flow Passage

I

Fiow Deviation Model --->
Spanwise Flow Angle Oistribution at 8fade Exit

I

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

I
!

€an. of Motion in Radial Direction --->
Spanwise Velocity Distribution at Blade Exit

Check for Overalt
Continuity Eqn. at the Fan
Blade Exit

Adjustment of
. New Streamiines

Check for Mass
Conservation of Each
Stream Tube

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

Fig. 2 Computation procedure of  streamline

curvature method
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Table 1 Design Spegcifications of Test Fans

Rotor | No. of
@ T Dt T o
Rd Ricasd o o Fan ID | APM | radius fip ratio chord | rotor
o (rmm) (mm)_| blades
- A 5800 203 0.591 86 12
o B 3000 178 0.348 572 8
1 C 4700 178 0.348 572 8
D
1 o&' D 1180 306 0.359 850 5
AW+ T T E 2800 254 0474 572 14
w8 W mo = F | 200 | 256 | 0474 | 572 | 14
e oty G | &0 | 1 | 040 | 213 | 2
H 170 700 0.500 1516 15
Fig. 7 Axial velocity profiles of fan
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0.00 , . . Fig. 10 Comparison of Fan Noise Levels
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Fig. 8 Flow angle at rotor blade exit
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