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e What is Fuga?

Model validation: which assumptions are tested?

Met data interpretation: Is it important?

Simple models for the impact of large scales
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Variable atmospheric stability — horizontal
profiles
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Variable atmospheric stability — vertical

profiles
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Model testing and assumptions

Two layers of assumptions:

1) interpretation of data in

Real world Predictions terms of an idealized
4D fields ‘model world’

Weather 2) Flow model assumptions

Controlled experiments test only
one assumption at a time!

Model world Is data
tdealized flow interpretation

Homogeneous .
important?

Stationary

Met mast
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[ deg]

Two different interpretations of met data =

Wind direction time series

230: "\-.\"\‘ 7_P__d=—-—=’:=n<“~=-

W r-""‘

600 1200 1800 2400 3000 3600 4200 4800 5400 6000
t [s]
Wind direction measurements

® Ten minutes average wind direction

-— Interpretation 1: each ten minutes period can be regarded as

a piece of a stationary time series with mean = ten minutes
average. We only need to simulate the measured mean
direction.

o——@ Interpretation 2: the mean value changes following the red

curve. The deviation from the red curve is statistically stationary.
We need to simulate a range of directions for each measure
mean direction.
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Flow cases, part 1- wide inflow sector
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3pIIS SIY] J0J USSUBRH 'S JNY 03 Syueyl

Flow cases, part 1 - narrow inflow sector
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Flow cases, part 1 - narrow inflow sector
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Effect of ‘drifting’ wind —
direction can be Horns Rev 1 met mast data e-
estimated from data 3000} . Loeeme Ry
40001 o [® 1
e A®, = Difference of two = 3000f L
consecutive ten minutes ) : MR
averages of the wind direction = 2000}

A6, 1000}

Sk

_‘Z':" rm

3000 3600

o Width 6,5, = ((460,)2)"

Fada

®* G, Can be obtained from 10
minutes averages.
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HE

Spatial de-correlations of wind direction

Problem: wind direction at met mast # wind directions at the turbines.

This uncertainty can be estimated using Taylors hypothesis:

P (8 M7

f“ 0.3 T ' T ' T ' " ' ' " o " )
\ -:-.l-:lf— _ Pdf at M7

o0 3600 ‘ oasf Predicted
: /\ ] pdf at M6
-:-.1-3; . :

Delay=Ax/U

e o o Data

poobste——— ., . .. . +
~10 -5 0 5 10

Wind dir. dif. between M6 and M7
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Spectral regimes

Nysted
= = = Horns Rev

— 10*41»-54‘3_'_3 10-11r3
Fritts and Zandt
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Larsén, Vincent & Larsen 2011

Technical University of Denmark
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Stochastic meandering

The model says:

But something like this is more realistic:
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Meandering model

18

1) Make spectra of the difference
between the green and the red
curves.

2) Fit to the Mann model spectra*

3) Make tracer particle diffusion in
Mann turbulence field using the
spectra

Simulating

-U

M=

e

4) Compute Lagrangian velocity auto-
correlation function

5) Fit a model to it

* Pefia, Gryning & Mann (2010): On the length-scale of the wind profile,

Technical University of Denmark

L
3600

Q. J. R. Meteorol. Soc. 136: 2119-2131

28 June
2013



A model for turbulent diffusion in Mann turbulence=

Fitting the Lagrangian velocity auto-correlation function:

(v(t+1) v(t)) = c?(1 + Kr)e“kr |

01r

0.0 L e T oo

0.1

This model says: the acceleration is an Ornstein-Uhlenbeck process.

Analytical solution in terms of stochastic numbers.

19 Technical University of Denmark 28 June
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Validation — Horns Rev 1
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Validation — Horns Rev 1
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Validation — Horns Rev 1
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Conclusions

e The interpretation of met data can have a profound impact on the results
of validation exercises for offshore turbine wake models.

e The interpretation of met data can and should be backed up by on-site
observations.

e Data for narrow bins around down-the-rows wind directions are the most
uncertain.

e Sampling in very small wind direction bins introduces a large uncertainty
because we don't really know what ‘true’ wind direction we should feed
the models with.

e We need to know more about spatial and temporal wind field correlations
across wind farms. The Doppler lidar is the key instrument.

e Fuga is fast and yields good results. It is a useful tool.
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