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Developing prediction tools to determine noise generated by | Jason DM Botha |
rotating turbine blades coming into contact with clean air bothaj(@tcd.le

The European Commission aims to

ntroductior achieve 20% Competitive wind :  -DCCI0BU0NS

Vertical AXIS Wind Turbines power penetration compared to : rotor radius 1.0 m
[VAWT'S] are a type of wind turbine % total energy produ(tign by 2020. Span 4.5 m
used to convert kinetic energy from : chord 0.3 m
moving air into electrical power by The FP7 project, SWIP, aims to : blade offset 90 ©
means of LIFT PRODUCING BLADES. A deal with, and overcome, the : rated power 2 kW
by-product of this lift production Is main barriers that slow down the : wind speed 8.4 m/s
that  aerodynamically ~ generated large scale deployment of small : rotational speed 17.2 rad/s
[AEROACOUSTIC  NOISE] is also and medium size wind turbines.  :

prOdUCEd. [1] E ................................................................

As part of the SWIP project, a (-o-)
new Vertical Axis Wind Turbine

[the SWIP V2] will be produced.

40 dB

TCD's Department of Mechanical
and Manufacturing Engineering
has been tasked with performing
acoustic source modelling. The SWIP V2 turbine
Is designed to be
To date there has been NO SUCH installed on the roof
CODE DEVELOPED to determine of an office building.
noise from a Vertical Axis Wind It will be able to run
Turbine. This research develops a g{?ﬁt‘; Izioh?‘,:a[)iice"t
code to do just that! > |

90 dB

AIRFOIL SELF-NOISE

IS due to the INTERACTION between an airfoil blade
and the turbulence produced in 1ts own boundary layer
and near wake. Two noise generation mechanisms are
considered dominant. The models [shown below]

use input data derived from the CFD simulation to
calculate Sound Pressure Level (SPL]

A Computational Fluid Dynamics
[CFD) simulation was run to
determine the input parameters to
the acoustic solver. The numerical
results were exported into a format
that the code could read.

Turpulent Kinetic tnergy

AIPFoll NOISE
. i TURBULENT BOUNDARY LAYER
turbulent § boundary TRAILING-EDGE NOISE [2]
length scale G layer length Produced as turbulence passes over
-» - ” 7 the trailing edge.
Turbulence is a measure - ’i/\// g €dg
of the chaotic motion of A SPL TBL-TE = f[§, 8%, u, M, p, c, r]
flowing air. Turbulent FROM CFD:
Fﬁgeglrfelrznercgc\)/nt[aTiEeEd] i'rf{ . : INFLOW NOISE [3] 6:*boundary layer thickness
fhic ﬂowgv : Produced by turbulent air contacting O”: boundary displacement thickness
' \ § the leading edge of the blade. CONSTANTS:

The motion of upstream The Sir_nmati.on IS dOne. on : : ) u: Inflow velocity [m/s]
blades increases the| \\ d 2-§I|men§|onal section. SPL |nflow. = flk: , u, M, P, I’] M: Mach number [~]
TKE downstream. —% 2D simulations are used : FROM CFD: 0: air density [kg/m*"3]
(red is higher]) because they are more : : turbulent kinetic energy ¢: speed of sound (m/s]
- W N computationally efficient. : length scale r- distance to receiver [m]

LoMmputational : A d B Overall sound prediction for a
lode : m receiver 10 m away. This IS
_ - : comparable to data from VAWT
\ . : w manufacturers  but  will be

| ) ‘ : compared to experimental data

once the design Is produced.

20 i

Vil . Noise Predction
/’ A quasi-steady approach is used to : t is of interest that TBL noise
\ model the noise generated by the wind : dominates noise production for the
/ turbine. A computational model of the - turbine - as literature for
‘ / blade is produced by the code and 2D : € conventional wind turbines states
”‘ - CFD data is interpolated onto the correct 2 otherwise. It is assumed that due

to the rotation of the device, the

position In time and space. The airfoll

-30 !

4 self noise models are then solved and : . self Induced TKE inflow noise
total noise of the blade is summed. . e, becomes less dominant. Future
: Frequency (Hz) work will investigate this further.
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