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Developments in the last year

Release of WindSim 7.0 in April 2015
* New plug-ins
* Wished features from UM 2014

* Improved post-processing
*  Optimized GCV

Wind Atlas Method

WindSim Web Portal

Improved/New tools:

WindSim Express
*  WindSim Power Line

Validation wake models/forest model




WindSim 7.0

File Layouts Modules 3D Visualisation fToDIs Help

New Features:

Description  Report

*  WindSim Queuing
«  WindSim MCP

WindSim Reanalysis Data Downloader

Desaiption: Temain

Terrain
Getting started

The first step in the set-up of flow fiel
interest. This is done in the Terrai
available, which is a 2D dataset with

Digital terrain conversion

When starting a new project a grid.gw
° B k I The .gws format contains elgvatwon an

re a a. ru n ro er using the Tools->View terrain mode! n
Conversion from other formats is per|
item. The Convert terrain model is
WindSim AS if you need extensions
examples of supported formats: thir
model directly to the .gws format by u

« New wall functions

View terrain model (.gws)...
Import terrain model (.gws)...
Convert terrain model...

Terrain Editor...

Park Optimizer...

Irmport mesoscale driving data (.dws)...

Remote Sensing Correction Tool...

View climatology data (.wws)...
Convert climatelogy data...

Export climatology data (tab)..

Create power curve [.pws)
Import objects (.ows)...
Export objects (.ows)...

Create Word report...
Export HTML report...
Export vertical profiles...

Change language

Advanced conversion

Limits...

Losses and Uncertainties...
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Proparties

« Improved post processing - Teran i

Coortlinate system

The coordinates in the grid.gws §le

system is called system 3 in fhe
coordinate system is introduced in

« Power density calculation

 WindSim Terrain complexity
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Forecasting...

Power Line...

MCP...

Reanalysis Data Downloader...

Queue...

€ [ower [efi-nand corner. Later in
placements of obiects can be referenced to bv either the olobal or local coordinate svstems.
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WindSim 7.0 — latest features

« Power history export weighted, naming of export files

« Choose WRG export dimension

 You can choose the forest model and the divergence wind speed
 Improved smoothing

« Recoding forest — less patches — faster calculations

 Wake decay factor as direct input parameter
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WindSim 7.0

Terrain complexity - P —— - owm

FFFFF youts Modules 30 Visualisation Tools Help

_ ) s e v w WIAOSIT
» Share your cross-correlation and e — e [

pres:ming normalized results, as the speed-ups.

terrain complexity values with WindSim - s iy

x ¥ z [t
demo_timehistory 4860500 720500 00 500 demo_timeh.. tws
Table 1. Cimatology objects:

The wind turbine characteristics combined with the calculated speed-ups constitute the basis for
the energy calculations.

« Anonymous: No geo-referencing of the
site,

X z hub hei turbine
Turbine1 6082926 1528234 19142 500 windsim ws2000
Turbine2 6415334 1620914 16517 50.0 windsim ws2000
Turbine3 6995700 1914849 12148 50.0 windsim ws2000

« Outcome: Statistics on modeling < syt i
accuracy according to terrain complexity : B
indicators
* Input for losses & uncertainty
calculation
* Improved understanding of the wind
conditions
* Improved modeling

Site NN
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WindSim 7.0

Queuing

« Possiblility to run several projects in a consecutive order

« Able to start, stop and pause runs as you would like

« Let WIindSim manage your computing resources in the best way

a [ WindSimQueve®E®  -e@W
Queve Settings I [ uaue Projects status version: 2015.1.549036292 |
mmmmmmmmmmm Total Ovariew. 8 ferEnt Projects runming wth ot of 0 Next Sector Fiish: 000000  Sector Queued: 1

Allow WindSim to manage the number of parallel sectors in " Sectors Project Queued: 1
Numbsr of Parallel Sectors: |1 () o !
umber of Faralel 3 accordance to the capacity of the PC if option “Parallel Items' is 'On’
- Pricrity  Proj.Info Queusd Date SartDate | Complste Da te Status
= [@@ E] 100 fstplate | Info  23-01-2015 155928 = = Queued
Secons
Sector Number Queued Date. Start Date Complete Date




WindSim 7.0

LV -8
— b
Pag

-

-

MCP is a statistical technique used for
predicting the long term wind resource at a
proposed wind farm site by relating
measurements from a short-term
measurement campaign to the long term data
sets of a reference

Find statistical relationship between a
reference observation (usually long term time
series) and a on site observations

(at least one year)

Traditional reference:
» Meteorological observation stations

Synthetic reference:
* Forecast models (Merra etc..)

- windsim




WindSim 7.0

MCP (Measure-Correlate-Predict)

Standard Linear Regression Neural Network
Linear fit in each direction Smooth surface “fit”

I I . .

Target

b
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WindSim 7.0

WRG Export (Wind Resource Module)
« Export Wind Resource Grid in Wasp Format.
« Export Wind Resource weighted over all Climatolgies.

« Define the area of the export and resolution.

b Legend 0:0
4 3 Export

Export to ASCI format False

Export to WASP format True

Export all True /

Type Complete Grid Refinement area
4 4. Cross-checking User defined area

\Wind Speed False

\Wind Speed st dev False
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WindSim 7.0

WRG Export (Wind Resource Module)

« User defined area Export to ASCI format False
Export to WAsP format True
' = Export all True

0 Type User defined area

"0 ' b X-range 322991:; 328984

) () { b Y-range 7183991 7188984

Resolution 100
Export WAsP

wind_resources_clim_Hundhammer_83m_0080_area.rsf
wind_resources_clim_Hundhammer_83m_0080_area.wrg
wind_resources_clim_Hundhammer_30m_0080_area.rsf

wind_resources_clim_Hundhammer_30m_0080_area.wrg
wind_resources_climall_0080_area.rsf

wind_resources_climall_0080_area.wrg

T wiNnds im o
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WindSim 7.0
Smoothing improvements (Terrain Module)

Smoothing: iterative process that decrease the local second order
derivative until it is lower than a defined limit (default 0.01).

4 4: Smoothing / No smoothing
Smoothing type Bidinear smoothing
Terrain smoothing limit 0.01 | Gaussian smoothing
Smoothing radius 0
Gradual smoothing type Inner gradual smoothing
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WindSim 7.0

« Bi-linear Smoothing: decrease second order derivative first in X
then Y direction. Considering only point in each direction separately

- windsim
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WindSim 7.0

« Bi-linear Smoothing: decrease second order derivative first in X
then Y direction. Considering only point in each direction separately

- windsim
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WindSim 7.0

« Gaussian Smoothing: decrease second order derivative first in X
then Y direction. Considering all surrounding points with Gaussian
weight

- windsim
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WindSim 7.0

- Radial Smoothing -

. 0
* Inner/Outer gradual smooothing radual smoothing smoothing

no smoothing gradual smoothing

R defined between 0 and 1, centered circle.
Inner/Outer gradual smooothing

Enable the user to smooth more the area of
less interest and speed up the CFD simulation
avoiding to solve complex area far from the
wind farm.

SO W I A d S I m M_ i :j:\:‘_"’;“:‘:-\:.:;
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WindSim 7.1

Release autumn 2015

Faster parallel solver

Better forest/wake models

Binary output files

Look-up tables for the WindSim Web Portal
Bug fixes and user wishes from 7.0
Release Notes

Noted on the web and in the software

A WindSim - smoathing, layout: Layout -
I Visit our new WindSim User Ares for lots of new technical info File Layouts Modules 3D Visualisati Tools [Help

mwmﬁ\mm

Renew key..

wind. ] tmr— | [ [

DOWNLOAD PRODUCT OVERVIEW PROFESSIONAL SERVICE, SUPPORT LIBRARY Is NEWS ABOUT WINDSIM Getting started... Fl/
Sl g FAQ|User Area Description  Rewert -
MAXIMIZE PRODUCTIO | Dovmiosce & (hte: EEI Wind Fieids
I

Spot Values  Residual Values Field Value
<1 [» Sector: 000 °

\ max U1_Max = 2.000E-04
' ; TN X = -2.000E-01
e ) m j Te———— 1 X = 4.000E+00

o in = -6 000F+00
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Research activities in WindSim

Forest
Master thesis by Karsten Busch beginning summer 2014
Validation project with Iberdrola

Validation by Siemens

Wake modeling
Master thesis by Fredric Seim

Cooperation with Juwi

Actuator disc

Phd thesis by Nikolaos Simisiroglou started in 2013

Mesoscale coupling
ENERGIX Research project with CHAM

Forecasting

ENERGIX Research project with the UniComputing in Bergen

R 29, \\\

_______ e SRR \\§
- ,\ % \:}.%--’:\’;'/:\,g_ = N %\xz\
10" WindSim User Meeting, June 2015, Tgnsberg f&m WIA dS/m ___________ el

19 of 30



Wake model validation — DEWEK presentation together
with JUWI

Introduction

Wake models in Windpro and WindSim

Sensitivity studies
->Validation on an offshore wind farm

->Validation on an onshore wind farm

Conclusions

20 of 30



Introduction

» Today analytical wake models are the work horse of the industry as other

methods are too computational expensive

» There are many different models and even more ways to implement them

numerically into WRA software

= Users want to understand how the implementations differ in the different

software and which wake models should be used

= Wake models have different parameters which need to be adjusted and it is
important to understand which parameters need to be changed to get good

results and how sensitive the results are for these parameters

- windsim
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Wake models in WindPro and WindSim

= Two wake models which are the same: Jensen and Larsen

(other models: WindPro - Ainslie etc., WindSim - Ishihara)

= General findings over the years: Jensen is the best model to

use
= Focus on Jensen and Larsen in this talk

- Jensen: simplest model which only accounts for different wake

decay factors dependent on the roughness

- Larsen: Includes turbulence intensity which can also be

Induced by other turbines => should be more accurate

ARt [+ SR SRS ‘\\\_\\\‘_‘:}_‘Q\ :
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Sensitivity studies

Homs Rev Wind Farm layout, 10 x B wind turbines
T I ] T

= Wind farms used: I j
Offshore: Horns Rev, new data sets from g“"'w@* :3101\_4!:2_ S
2005 to 2010, filtered by stability to %”"z' **-w”-«
contain only neutral cases (data courtesy iﬂ 0‘:,_>7D IR ;
Kurt S. Hansen, DTU Wind Energy) Sl booog ot of--o . ol
Onshore: Own Park with different stages T %”9-4?) T
of development, moderate terrain, A v

roughness

= Parameter varied in general:
Wake decay (Jensen), Tl (Larsen)

Sub cycles, Rotor diameter influence
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Sensitivity studies - Offshore Jensen

= \Wake Decay Variation 9.4D

Normalised Power

115 WPRO Jensen-Risg - Case 221° 8 m/s S
1,0 .‘ Ref. 221+2°
09 -eoéer £159 Jen-Ris .

RSN " U R S I R S R k004 « Same range of influence
08 e E*%ZJZR WDC in both models
VOISR I | Ty + Sector +-15 °: analytical
N e B R R D ek Sk I - wake models are fine
05 - e A - X  Sector +-2 °: not covered

k=006 _ )
04 . . . ‘ ~ i 42 JenRis by model theory, bigger

1 3 5 7 9

Cluster Column differences

Normalised Power

e WS -WP: WindSims

1,1 4 [ _ )
| WSim Jensen — Case 221°8 m/s Rer 277£15° )
o | ft 221520 gerenerally gives lower
09 | | : I I T [ ------- +15° Jensen k = Wake effeCtS
r \“\ LN f_-: e VO SRR AR YRS VORI S 0.04
0,8 - \\\\\5 ' N -SSR < JEREREEE « REREEEEE - EERRERRS | EEEEEEES) - BERRREER -+ £15° Jensen k =
, WM _ oseecc ST S I CITTITe Kovsennansd ... 0.05
W T T A T — A - - A - A - R - - - ----- £15% Jensen k =
7 ) S il S L I e e S ‘ gﬁ%%Jensenk
e S U S U e s/ DR i IR =
06 e il thaieh il i At Al 0,07
X e e = — == === = x | == +2°Jensenk =
05 - H 1 0.04
, =& 12° Jensenk =
0.05 2
0.4 - —[= 12°Jensenk = R
Oé)sJ k -
03 . ‘ ‘ ‘ = /= £2° Jensen k =
1 3 5 7 9 0.07

Cluster Column
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Sensitivity studies - Offshore Jensen

= 9.4D - Spacing 11 Jensen k = 0.04 — Case 221°8 m/s
1,0
\
\
1N
0,9 \
B A
Ay
» 0,8 - \
o \
2 \
o \
Q 07 - VL
=]
Q \
0 \
© 06 ‘o
£ sl 1
) Nl T T T |
Z 05 - I Ref 221£29 ~ ~ =~ © —+—Ref. 227£15° ~ ~ ©
= = =WindSim £2° e WindSim +£15°
0,4 -
- = =WindPro Risg £2° oo WindPro Risg £15°
0,3 T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10

Cluster Columns

No decrease after row 7, both models capture behaviour and range. New WS
summation with combination of Sum of Squares and Linear Sum gives better fit.

Tk AR
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Sensitivity studies - Offshore Jensen

7D - Spacing i Jensen k = 0.04 — Case 270° 8 m/s
5
2
(o]
o
o
Q
@
©
£
[o]
Z Ref. 270+2°
03 | —+—Ref. 270+15°
’ - = =WindSim PROT £2°
--------- WindSim PROT £15° B e T pepup
0.2 - ---WindProRisg £2° . ___ _ _
--------- WindPro Risg +15° pl
0,1 T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10

Cluster Columns

Wake loss persists through all columns, both models overestimate wake, WS

b »;.;?-,":‘l\ﬂ' ) i / T S e . 2 ~~
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Sensitivity studies - Offshore Larsen

= 7D - Spacing

1,1 - Larsen Tl = 7% — Case 270° 8 m/s

o
\‘

o
&)

—— Ref. 270£15° e ————
= = \WindSim +2°
WindSim +15°
= = \WindPro +2°
------ WindPro +15°

Normalised Power
(@]
()}

o
~
1

o
w

o
N

3 5 7 9
Cluster Columns

=

WindSim represents the trend better in the first columns where WP overestimates
Generally poorer match than with Jensen

2% h"-t:g,
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Sensitivity studies - Offshore Larsen

—+— Ref. 2704£15°

T [ Ref. 270+2°
+15° Larsen Tl =
- 5%
g % 150 Larsen Tl =
= 6%
o +15° Larsen Tl =
o 7%
Q +15° Larsen Tl =
2 8%
E +15° Larsen Tl =
-6 - o 9%
S 04 "’“*..f_ "9-._5' & -eq|-- 2% Larsen Tl = 5%
2o e e by
= - - 0 — Qo
0.3 * -y &= £2° Larsen TI=6%
== +2°Larsen TI=7%
0,2 T T
1 3 5 7 9
Cluster Column
1,1 . L I ; . . .
WSim Larseni— Case 270° 8 m/s| [——ref. 270:15°
108 | | | | i f [ Ref. 270+2°
- i ] | |
o 99 | [eeo¢ee £15° Larsen TI =
= 08 - : 5%
o | 25 JITTY S eesree £]15% Larsen Tl =
o [ T IS s e e s 6%
0,7 1 1 el o o o[ o e o@ e e 2150 Larsen Tl =
O - | T——S SR e e 7%
@ 0,6 - \\D\ » - ' 8 | | |eeeree £15° Larsen Tl =
w0 \$ \ﬂ ~T] T A~ [ i | 8%
= 05 - | % ™ «H] A= e | | == x== £2°Larsen TI =
< ~ I~ & H™ ] - : =N 506
Sk = ¢ ! E‘E‘-E‘I—O—QSL TI=
Eo4_ | - -G o t 1 +2° Larsen Tl =
= ’ i ) - Y @‘ —@_ 6%
o | =~ - l P | = 0= 22° Larsen Tl =
03 [ [ T - - 7%
Z | | i | == Ae= 20 Larsen Tl = [
0,2 ; T T : ; 8%
1 3 9

7
Cluster Column

* For Larsen (15°) WP
generally too high wake
effects and WS too low
wake effects

« Again similar sensitivity
to changes in Tl

28 of 30



Sensitivity studies - Offshore Jensen

= Subcycle Variation
Subcyles of the climatology to distribute wake effects

Sector
> SUbCIeS — 8 Larsen |subcycles| subcycles %
: 1 30 17.89
— O -
4 7.5 11.02 :
5 . b 4 75 5.90
' 5 6 6.73
6 5 9.57
8 3.75 10.02 YAl s 3) 6.20
10 3 8.96 8 3.75 6.33
12 25 9.35 10 3 6.32
15 2 9.84 12 25 6.34
20 15 8.84 15 2 6.38
_ B 30 1 9.45 20 1.5 6.37
40 0.75 9.35 30 1 6.37
50 0.6 9.20 . . .
60 0.5 933 Jensen gets mdependant with 1°/30 cycles,
120 0.25 9.28 Larsen already with 5°
300 0.1 9.30
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Conclusion

= |tis not easy to do a fair comparison between the same wake
models in different software; attention should be paid how the wind

speed is inserted

= Thereis a high sensitivity regarding the choice of wake decay constant

and Tl in both models and the range of sensitivity is similar

» The Jensen model gives best results in both software and the results
of both software are comparable when different techniques of multiple

wake addition are used
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