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What is a VAWT?

Drag Type

58 UNIVERSITY OF
%¥ CAMBRIDGE

Lift Type
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Why VAWTs?

Horizontal Turbine
Must have smooth laminar wind
flow from a single direction.
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Vertical Turbine
« Functions in wind from any direction.
« Functions in Turbulent or gusty winds.

Ideal for built environment...
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Issues:

« Turbines are in close proximity
to people.

- Noise is a potentially
significant problem

Objectives:

- ldentify dominant mechanisms
of noise generation.

- Investigate possible methods
for reducing radiated sound.

B8 UNIVERSITY OF
4P CAMBRIDGE

Built Environment Application _.
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How does a lift-type VAWT work?
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Where does noise come from?

three mechanisms:

1. By forcing the mass in a fixed region of space to
fluctuate, e.g. a loudspeaker in a large baffle.

2. By forcing the momentum in a fixed region of space
to fluctuate, e.g. a solid object vibrating after being
struck.

3. By forcing the rates of momentum flux across fixed
surfaces to vary, e.g. turbulent jet.

Fundamental
tuning fork "Clang"

Definitions from MJ Lighthill, 1952, On Sound Generated Aerodynamically, Proc. R. Soc. Lond. A, Vol.267, 147-182
Jet noise image from: http://cms.tacc.utexas.edu/news/feature-stories/2011/reducing-jet-noise-by-controlling-turbulence/
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Where does VAWT noise come from?

- Dipole noise due to fluctuating blade loads
dominates at low Mach number.

 Need to know the blade loads in order to
determine the noise analytically.

» This presents some significant problems...
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CFD Modeling?

 Flow Is fundamentally

unsteady
» Flow Iis 3D
» Flow iIs turbulent and has a &
wide range of length and time L, up. -%?
scales = % W -
N
Flow Is VERY complicated! '1”{;5;---}%?‘___?"

Difficult to determine the most | ;
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1.

2. 18

Use analytic acoustic
model for moving point
source.

Guess the blade loads

Sinusoidal variation with
azimuth?

Blade/wake interactions?
Dynamic Stall?
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An alternative approach...

Far field:
Xi — Yi {aFi F;

P=Po= [471(157”2(1 — M,)2
Near field:

L OMT}
at 1—M, ot

1 {Fi(xi —y) (1 — M?) _ F-M-}]

P = [47Ta§r2(1 - M,)2

MV Lowson, (1965), The Sound Field for

Singularities in Motion, Proc. R. Soc. A, Vol.286,

r 1-M)

20Y-0/ 2

EGRE KRG IRt iristics of sound field for

cHHPEHEIH with experimental data.
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Loading Profiles Tested

Define normal and tangential blade loads as a function of azimuth:

) 0 45 a0 135 180 225 2700 413 360 0 45 a0 135 180 223 270 318 360

Constant Load Sine Wave Blade Vortex Interaction
- Zero wind load - Loads you would * Load due to the
- Constant drag get if there were no blade passing close
load blade/wake effects. to a coherent vortex.
Constant Force Directivity Sine Wave Force Directivity BVl Force r[)ir'el:ti\«rlity
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Experiments

» Use acoustic array in Markham wind tunnel to
ocate dominant noise sources.

» Investigate parameters for noise reduction

= Blade tip shape

= Spoke geometry

= Variable radius

= Blade sweep / helical blades

Leading edge

Trailing edge

-SLrrrmIm

Swept-tapered
i

End End
view view
11
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Array Measurements
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Plan of action

- Measure sound field in the wind
tunnel using acoustic array.

- Compare results with computer
model predictions.

» Investigate dominant noise
sources in detall.

- Inform the design of quieter
VAWTs

Questions?
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