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The various possible mechanisms of noise generation in axial flow fans are described.
Quantitative expressions have been derived for the sources of broad band noise by
dimensional arguments, from which orders of magnitude estimates have been made.
These have been found to give fair agreement with observed levels of broad band noise from
an isolated plate under different flow conditions, and from a model fan. It is concluded that
broad band noise in fans arises from vortex shedding at the blade trailing edges under
normal conditions, but that any large-scale turbulence in the flow can increase the noise
significantly.

Discrete noise from multi-stage fans has been found to arise from aerodynamic inter-
action between fixed and moving blades. The amplitude of this noise is strongly dependent
on axial spacing between rows, and it appears that stator area may also be a significant
parameter.

1. INTRODUCTION

Up to the time of the introduction of the turbo-jet engine on a commercial scale, the
dominant source of aircraft noise, at least as far as external levels were concerned, was the
propeller. This had been recognized for some time, and a considerable amount of
theoretical and experimental work has been carried out on propeller noise with the
result that quite accurate predictions can now be made of both the radiated noise and the
near field pressures set up on adjacent structures by the propeller.

The jet engine introduced new noise problems and in the early stages the most
important of these was the noise of the jet itself. It soon became apparent however that the
noise of aircraft under approach conditions, when the levels of jet noise were known to be
low, was causing as much annoyance as that under take-off conditions where the jet noise
was dominant. A large part of this approach noise was subsequently identified with the
engine compressor, which on modern aircraft is usually of a multi-stage axial flow type.
If this noise is not to become an operational limitation there is need for a detailed know-

ledge of its origin to provide the understanding on which methods of suppression can be
based.
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&\. Two Types of Noise
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Airflow

Incoming turbulence

Alters local angle of attack (a),
causing random fluctuations

Local force fluctuations act as
acoustic sources

Vortex shedding 3
( Vorticities at the trailing edge

cause local lift fluctuations




Acoustic W= _Po f ¢ZC.U2(x2).Sc(

.

 487waj

Power SPAN

X2,

ot

Aoy 12
aw) [%? (%2, t’)] dx, . W=-—

127pg a3
S

[p(x1, %5, )] . S.(x1, %, p) dxy dx;

Noise «< Blade Speed 6

Key Sources of
Noise

Turbulent Boundary

A very weak source
compared to others

3

TE Vortex Shedding

Noise scales with speed
and Reynolds number

J

Y, .
Higher air Larger blade Stronger lift
speeds surfaces fluctuations




\!

L..l Sharland’s Experiments

( Isolated Flat Plate )

Good agreement with
formulas

Turbulent flow & vortex shedding
~15 dB louder

=
=
( Fonroor )
=
=

Broadband noise centered
around 1000 Hz

Noise increases when blades are
at a high angle of attack

Sound pressure level at 90° to plate (dB)

120

1o

100

90

80

70

60

50

Igte ;
pa /’+ noise

v
” /37 A~ Noise from

4 turbul
7 urpulence
/ 4'/"/
/ + //

/7
L 7 ] | S S NS W |

100

200 300 400 600 800 1,000
Velocity at plate centre (ft /sec)

+ Vortex shedding




Quantifying Tonal Noise
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Classic Propeller Theory

( Blade Passing Frequency (BPF) )

n X RPM
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RPM: Blade speed
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Devenport, Staubs, and Glegg
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Amoiridis et. al

“Sound localization and quantification of
an automotive engine cooling module”
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AeroFeathers reduce broadband noise by
reducing trailing edge vortex shedding
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