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NUMERICAL WAKE MODELS 
 

1. Used for off-shore and on-shore wind farm production 
assessment 

2. Fundamental for layout optimization (especially in 
offshore environment) 

3. Very important for the aerogenerator load conditions 
estimations 

 

Analytical 
Models 

Actuator Disc Full rotor 
simulation 

USED DOWNSTREAM THE  
WIND FIELD CALCULATION 
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APPLICATION OF COMPUTATIONAL FLUID DYNAMICS IN ENERGY 
 

o Simulation of the full rotor aerodynamics used when developing 
a new rotor configuration or for special purposes 
 

o Simulation of the surface boundary layer used for wind 
potential assessment studies 

 

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

 
 

The application of the full rotor simulation is impracticable 
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THE ACTUATOR DISC MODEL 
 
 
 
 
 
 

o The power extraction is simulated only through axial forces 
o Wake rotation and wake meandering are disregarded 
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Suitable for the simulation of the far wake and its 
interaction with the main wind field in large windfarm 

 



DISTRIBUTION OF THE THRUST ON THE ROTOR 
 
 
 
 
 
 
 
 
 

 
 
 
 

ÅUniform distribution (Betz) 
 
ÅPolynomial (4th order) distribution 
 
ÅParabolic distribution 
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The thrust in each group of cells representing a rotor 
is assigned accordingly to the local wind field and to 
the thrust coefficient curve of the turbine.   



THE GRID STRUCTURE 
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ESTIMATION OF THE POWER EXTRACTION:  
THE POWER CURVE METHOD 

 
 
 

u1 is the bulk velocity on 
the rotor center 

Wind speed (m/s) 

Only  the wind flow condition on the rotor center is used 
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ESTIMATION OF THE POWER EXTRACTION:  
THE INTEGRAL METHOD 

 
 
 

ñ ÖDÖ=
As

dApupower

u    is the bulk velocity over the 
 swept area 

ɲǇ  is the max pressure drop over 
 the swept area 

wind speed field 

pressure field 

 As is the swept area 

The wind flow conditions all over the rotor are used 

Francesco Castellani  
University of Perugia  
Department of Industrial Engineering  

 



ESTIMATION OF THE POWER EXTRACTION:  
THE INTEGRAL METHOD 

 
 
 

Ç the wind speed is estimated on the intersection of the 
rotor plane with the horizontal plane; 

 
Ç the pressure drop is investigated in the horizontal plane 
up half a diameter upstream and downstream. 
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THE INTEGRAL DISCRETIZATION 
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 is a weight 

 is the local pressure drop 

is the local wind speed  

 
The value of the specific power obtained in each point inside the 
rotor should be weighted according to the portion of the area that 
each point can represent. 

z 



THE MATLAB CODE FOR THE POWER CALCULATION 
 

1. Read the grid information from the view.geo 
2. Read the turbine layout information and the grid structure form the 

* .ows file and the * .bws file 
3. Estimate the position of the center of the rotor from the Q1 file  
4. Read the pressure field and the wind speed field from * .scl file 

generated for each height level 
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Calculation of the power extraction for each rotor 



FIRST RESULTS SIMULATING TWO ROWS OF THE 
HORNS REV WIND FARM 
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270° 
6 m/s 

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. 



RADIAL DISTRIBUTION OF THE PRESSURE DROP  AND THE WIND SPEED  
(HUB HEIGHT) 
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uniform 
 

parabolic 
 

polynomial 
 



THE BOUNDARY LAYER CONDITIONS 
 
 
 

Orthogonal domains Non-orthogonal domains 

Rotating the domain could be useful to align the rotor face to the 
wind in the cartesian grid also for non-orthogonal sectors. 

In this case the force introduced with 
the actuator disc is distributed in a 
sort of cross centered in the rotor 
center. 
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THE TEST CASE OF HILSKANSAARI (IN COOPERATION WITH VTT) 
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