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Turbulence: Procedure in WindPRO
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Turbulence: Vertical Scaling (1)

The turbulence intensity in the height x meters is defined as:
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Where
IT 15 the turbulence intensity
o 1s the standard deviation of the wind speed
U1p 15 the mean wind speed averaged over 10 minutes

Experimental data has shown that the standard deviation of the wind speed only decreases very slowly. In
Armit [6] & Dyrbve & Hansen [7], it is said, that it 1s reasonable to use constant standard deviations up to
about the half-height of the internal boundary laver. This assumption 15 also used m WAsP and i most
structural codes.

Using this assumption, the vertical scaling of turbulence mtensity between two heights 15 sumply calculated
by assuming the same standard deviations in the two heights (x and y meters or feet).
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Turbulence: Vertical Scaling (2)

oy (x)=ap(¥) =
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IT (%) U gx) = IT(3) U yg(v) (6)
o P
IT(y) = Tl )IT( x)

So now the problem iz reduced into calculating the mean wind speed in the new height. The vertical scaling
of wind speeds may be done vsing the power law vertical wind profile a purely empinical equation. The
power law wind profiles also require quite homogenous terrain.
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where
vis the wind gradient exponent

Inserting the equation (4) info (3) we obtain the turbulence scaling law, valid for homogeneous terrain:
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Quarton & TNO models

9. Turbulence Model — D.C. Quarton & TNO Laboratory

A simple equation to determine the wake added turbulence has been proposed by D.C. Quarton and JF.
Ainslie [1]. The parameters in the equation have been re-calibrated by Quarton and Ainshie (the modified
values) and also the Dutch TNO laboratory [2].

The main form of the equation 1s
Tagg = Ky -Cr™ -1y (X1 X, n

where K is a proportionality constant
&, @ @ are exponents
X 1s the downstream distance (in meters)
X, 15 a characteristic wake length (either denoted near wake or far wake)
I 15 the ambient turbulence

The near wake length (%) 15 determined as described 1n the chapter dealing with the eddy viscosity wake
model. In case of the TNO model. then the near wake length 1s replaced with a slightly different expression
for the far wake length, see [2].

The proportionally constant and exponents are determined from the table below
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Quarton & TNO models

Reference K;-Constant ay-exponent ap-exponent az-exponent
Quarton and Ainslie (original) 4.800 0.700 0.680 -0.570
Quarton and Ainslie (modified) 5.700 0.700 0.680 -0.960
Duich TNO laboratory 1.310 0.700 0.680 -0.960
14

Note, that the ambient [—e— Dotz THD Labaraiory
turbulence must be entered in 2 A D

. . —ar— ANz (orignal]
percent (i.e. 10) when using the -

Quarton-Ainslie constants, 1
while the TNO-constants are
with ambient turbulence as
dectmal number (1.e. 0.10).

Added turbulence
o =

At the Figure 1 1t 15 also easily
seen., that the two models ‘
{Amslie (modified) and TNO)
actually are the same.

Figure 1. Wake Added Turbulence from the Three Models.
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Frandsen Model

Determining the Total Turbulence Intensity

The total turbulence ntensity is determined from:
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where p, = 0.06 (probability of wake condition)
5;=x/RD
N 1s the number of closest neighboring wind turbines
m 15 the Wahler curve exponent of the considered material
v 15 the free flow mean wind speed at hub height
x; 15 the distance to the 1-th turbine
RD 1s the rotor diameter
I 15 the ambient turbulence intensity (free flow)
Ity is the maximum turbulence intensity at hub height in the center of the wake
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