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Turbulence in wind data

wind speed mean value turbulent 

fluctuation

Turbulence expresses the stochastic fluctuations of wind speed    

Á In a boundary layer, turbulence is related to fluid viscosity , i.e. friction, 
and its interaction with the boundary (ground surface)

Á Turbulence depends on wind shear, hence on surface topography, 
vegetation and presence of obstacles (i.e. friction velocity )

Turbulence intensity :    
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Site classification: Iref

Turbulent fluctuations can induce mechanical and vibration 
loads on wind turbines    

Hence the IEC 61400 - 1 standard defines turbulence classes 
for wind turbines construction

IEC 61400 - 1  3 rd edition

I ref : Turbulence intensity I calculated @ 15 m/s at the hub of every WTG
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Methods for Iref calculation

ñSimple linear approximationò    

1/3

I 15 calculation at the 
met mast from 

recorded measurements

I 15
mast

As turbulence depends on friction, such an hypothesis can be far from 
reality, especially in complex sites

I ref estimation at WTG 
hub:

WTG

mastmastWTG

ref u
uII Ö= 15

Assumption that wind ù is 

invariant with position and 
height in the whole site
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Methods for Iref calculation

Micro -siting based analysis    

2/3

Á CFD tools can account for turbulence variations depending on 
site features (topography, roughness)

Á Also, for high speeds, the atmospheric boundary layer is 
mostly driven by neutral stratification (implemented in CFDs)

Turbulence transport models:

ü Mixing Length model (Meteodyn, WindFarm,)
It assumes that turbulent motions can be 
characterized by the length -scale of the eddies

ü Standard k - (ʁWindSim) 

Based on calculation of turbulence kinetic energy k
and dissipation rate Ů

Being a 2 -eq. model, standard k -Ůis usually considered more accurate,
as also reported in [S.W. Kim and H.G. Kim, EWEC 2008]

Á CFD canôt represent very large scale eddies, i.e. meso-turbulence
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Methods for Iref calculation

Micro -siting based analysis    

3/3

It was argued in a recent study [Chantelot et al., EWEC 2008] 
that WindSim may underestimate turbulence...

... but what model, resolution or solver were used?? 
Details are not given.

Assessment of WindSim use for I ref calculation

Windsim
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Site view

Using WindSimfor Iref calculation:

BVNcase study

BVN wind farm: project description

ÅLarge model: 25 x 30 Km

Site

ÅNesting model : 10 x 9 Km

1x10 6 cells, 130 m resolution

1.3x10 6 cells , inner refinement
with max resolution 25 m

ÅWind farm: 2.5x2.5 km, 25 WTG

Roughness model
0.1
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Layout and wind data

25 WTG layoutBVN 60 m met station

Á 4 speed sensors 
(60, 50, 40 , 30 m)

Á 2 vane (60, 50 m)

ÁWind rose
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BVN case study
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Iref calculation

The following procedure was implemented:

ÁEvaluation of experimental I 15 at BVN met station

V I 15 analysis of every wind sector

ÁCalculation of I ref at the hub of WTGs on the basis of 
I high_speeds values provided by WindSim , using scale factors 
and wind rose at 15 m/s

ÁCalculation of I (high speed) at BVN met station through WindSim
CFD elaboration (k -Ůmodel)

ÁCalculation of scale factors for every wind sector for 
model tuning 

1)

2)

3)

4)

BVN case study
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I15 at met station

Á ůof wind speed depends almost linearly on wind speed

Turbulence Intensity I 

Á Turbulence intensity I decreases with wind speed and with height

ůof wind speed

I 15_60m =9.97%

BVN case study
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I15 by sectors at met station:

comparison experimental - WindSim

BVN case study

ÁWind data at 15 m/s were 
recorded from some sectors only

ÁWindSim Turbulence was 
extracted from the vertical 
profiles for each sector in the 
position of the met station at 60 
m height

Á Plausible I values obtained 
with WindSim model

Á Derivation of scale 
factors to calibrate 
WindSim model


