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NUMERICALWAKEMODELS

1. Usedfor off-shore and on-shore wind farm production
assessment
2. Fundamental for layout optimization (especially in

offshoreenvironment)
3. Very important for the aerogeneratorload conditions

estimations ‘
Analytical Actuator Disc Full rotor
Models simulation

USED DOWNSTREAM THE
WIND FIELD CALCULATION
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APRILICATIONFQE COMRUTATIONAD EUID/DYNAMICSIN EN

o Simulationof the full rotor aerodynamicsisedwhendeveloping
anew rotor configurationor for specialpurposes

o Simulation of the surface boundary layer used for wind
potentialassessmenstudies

\ 4

In order to study the wakes in a wind farm both activities
should be managed in a unique domain

4

The application of the full rotor simulationirmpracticable
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0 Thepowerextractionis simulatedonly through axialforces
o Wakerotation andwakemeanderingare disregarded

2

Suitable for the simulation of the far wake and its
Interaction with the main wind field in larggindfarm
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DISTRIBUTIONFORTHE THRUSTHONOTHE ROTOR
AJniform distribution (Betz)

Aolynomial (# order) distribution

Marabolic distribution

Thethrust in eachgroup of cellsrepresentinga rotor
IS assigneadaccordinglyto the localwind field and to
the thrust coefficientcurveof the turbine.
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ROTOR
DISCRETISATION
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ESTIMATION OFHTHEWRPOWER EXTRACTION:
THEPPOWER I EURVEIMETHOD

N u, is the bulk velocity on

C@ the rotor center

7

U
U o0
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I/ g a:%(l—-\ll—CT) Betz’s theory
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Wind speed(m/s)

Only the wind flow condition on the rotor center is used

power [kW]




User Meeting 2011 =SuuS e FEINEESELEEBIEEl
Ee——enan e T | = . University of Perugia

Department of Industrial Engineering\ iz

The WindSim Forum of the year

ESTIMATION OFTHEWRPOWER EXTRACTION:
THEINTEGRALEMETHOD

power= i Mp @A
As

wind speedfield

(==

pressurefield u Isthe bulkvelocityoverthe
sweptarea

A,  Isthe sweptarea

n LJ Isthe max pressuredrop over
the sweptarea

The wind flow conditions all over the rotor are used
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ESTIMATION OFTHEWRPOWER EXTRACTION:
THEINTEGRALEMETHOD

C the wind speedis estimated on the intersection of the
rotor planewith the horizontalplane

C the pressuredrop is investigatedin the horizontal plane
up half a diameterupstreamanddownstream

\Jﬁ'
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THEINTEGRALSDISCRETIZATION

Hyyp + Ay

Hy,p + ARy

f; is a weight
P = fA v.dP-dA =) f; AP - v AP; is the local pressure dro
l Vi is the local wind speed
The value of the specificpower obtained in each point inside the

rotor shouldbe weightedaccordingto the portion of the areathat
eachpoint canrepresent
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THE\MATLABCODERFOR AHEROQWERICALCGULATION

Readthe grid information from the view.geo

Readthe turbine layout information and the grid structure form the
*.owsfile andthe * .bwsfile

Estimatethe positionof the centerof the rotor from the Q1 file

Read the pressure field and the wind speed field from *.scl file
generatedfor eachheightlevel

d

Calculation of the power extraction for each rotor
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FIRS ERESULTS SIMULATINGRIWQ ROWS OF THE
HORN3:REV WINDFFARM

T T

6.153

6.152

6.151

o B

6.15-

6.149

6.148

T

6.147

| 1 1 1 1 1 1

1
42257423 4235 © 424 42450084 25, 42567 L4008 <4265 427 4275
x10°

For offshore wind farm it is possible to rotate the layout to simulate skewed
sectors with all the rotor surfaces aligned face to the wind
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RADJALODISTRIBUTIONOF THESPRESSUREIDROR \AND THEIWIN
(HUBHEIGHT)
R foRT! : parabolic; polynomial
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THEEBOUNDARYMAYERICONDITIONS
Orthogonal domains Non-orthogonal domains
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72277

In this casethe force introduced with

the actuator disc is distributed in a

sort of cross centered in the rotor
l center

Rotating the domain could be useful to align the rotor face to the
wind in thecartesiangrid also for nororthogonal sectors.
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