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Project/task objectives

L/
1%

TAIRE

Wiy,

 EU AIRE focuses on real climate conditions
impact (altitude, complex terrain, precipitati
sand)

* Ta.3 focuses on including effects of blade
erosion and erosion safe operation in wind
farm (control) tools

* Linked to T4.5 where an optimal erosion-safe
curtailment strategy is developed
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Improved understanding of wind flow
physics for power production

Design durable and effective wind U 5

turbine components

PModels: 02 Toals
3D CFD of precipitation Frosion  Safe  Mode

and rator (Model 5) (Tool 4) & Wind turbme
Aurfoll Performance AEP (Toal 3)

(Model 4/ ’
Blade damage (Model 3} Wind famm optimization

(Tool 2) & Erosion risk
Wakes (Model 2) atlas (Tool 1)

Mesoscale (Model 1)
03-04

r i

Relevant EU locations: ()] Key real data:

Riso Campus, Levessmouth, Wind assessment

Alaiz, PLOCAN, Tadeas, Detadbed precipatation lufo

Moray, Rézéntiers and San (Vertical profilmg of drop

GHregonio size dismibution, rain rae
and liquid warer comtent)
Particles preseun i the air

EU climate: wind, precipitation, sand
EU terrains: high/low, flat'complex,
offshore/onshore

Through the study of the real wind
atmospheric flow and real climate
conditions (wind and precipitation,
sand, clouds) from a new and more
complete perspective, ATRE will
improve the modelling of wind
turbines and wind farms.

ATRE’s main objective is to
understand the atmospheric flow n
low, medium and high altitudes 1n
the whole operation range from
mesoscale level to wind turbine,
wind farm and blade levels,
correlating wind to other climatic
events and to create a toolbox fo
satisfy the industrial needs to
reduce economic uncertainties,
LCOE and increase durability.




Motivation

AEP Loss vs. Erosion Case (8.5 m/s Umean)

2504 Erosion Case 2.31%

On a wind farm level: ,

»|mpact of erosion 5;;-;3; R I I i% I

»|mpact of erosion safe mode oo = '

»Impact of yaw misalignment control g e 25 Sb

Maniaci, et al., 2020 «,ﬁ@q}

Include:

* dynamic effects of farm flow )

e realistic WT _ctrl, WPP_ctrl, WFF_ctrl, servos

'Why not just use a tool like FLORIDyn or Dynamiks?- "l e— ':ﬁ;

»Focus on integrated WPP ctrl with realistic WT ctrl ~s00] 5.46 5

»Need for flexibility in Cp/Ct = f(TSR,pitch,yaw,erosion) “1000 -~ ;

»Need for flexibility in different wake model implementations ~1500 1 s
(I) 10I00 . [Zr:])I]CJO 30I00 40I00 330
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Overview

Control framework for WPPC and WFFC
Time domain

Realistic WT'C (DTU-WEC)

Realistic WPPC (MPPT, balance, delta)
Flexibility for realistic WFFC

Earlier Simulink model in EU-
FarmConners (with FLORIS)

New Python implementation (with
PyWake, FLORIS, FOXES)

Farm Optimization and eXtended
yield Evaluation Software

s

Z Fraunhofer
wes

“nfle
PyWake
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Wind farm control

Wind power
plant control
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wWind farm
flow control
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Power and yaw

angle setpoints

lAmb/‘enr wind condition

Wind farm dynamics

Wind turbines 1,..., N Farm flow

and nacelle ym“ﬁ: —"Q}z::
="

orientations

{ { { ,
)ﬁ\)ﬁ\)rr et [ ke model
)

Wind turbine -_:8)/"- Turbine locaf
dynamics l wind speed
and wind
I directions
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Wind turbine |
control AL/.FJ Turbine local Synthetic
wind speeds
t and wind turbulence model
directions )
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dynamics = o )

Measurements




DTU WPPctrl modules

* WT and WTC
* Cp/Ct = f(TSR,pitch,yaw,erosion)

rotor speed rotor acceleration| 1 rotor speed_
pitch angle S generator power
yaw angle WT generator available power
local mean wind speed turbine thrust coefficients
generator torque
yaw angle
rotor speed generator generator torque
yaw angle setpoint WTC servo pitch pitch angle
power setpoint Servo nacelle orientation
moving
average

local mean wind direction/\ yaw

w servo
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DTU WPPctrl modules

e WPP and WPPC/WFEC
* Dispatch of power setpoints (WPPC) and yaw setpoints (WFFC)

WPP WPP Controller
power setpoint""""’"
WPP delta
power setpoint » .
_ _ i _*WPP dispatch
Active power 3 Antiwindup PI | ===""" setpoint
generator WPP power control function controller
power WPP Collection output
System ‘WPP power
ge_neratnr e Lt A 14 4 '.IEB.'---,.,
available power available
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DTU WPPctrl modules integration

~

WPP

~

WPPctr

Coupling to wind farm flow module
Erosion impact through Cp/Ct dat&9e"

v

Pmeas 0
WTdir
Pavail, meas Vv

Vdir

xin_WT} Green signals:

from/to
PyWake Qgen

0
WTdir

e

WT

~

P

Pavail

Ct

WTectrl

w

Vdir
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DTU WPPctrl updates/status

Coupling with PyWake/FLORIS/FOXES for quasi-steady
wake effects with synthetic turbulence and wake advection

The code repository is shared here:
gitlab.windenergy.dtu.dk/aire/dtu-wpp-ctrl

Includes basic documentation and examples
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# DTUWPPCTRL

# / DTUWPP CTRL Wiew page source

DTU WPP CTRL

DTU wind power plant controller

Wind turbine 1-DOF dynamic model using tabular Cp/Ct=f{tsr.pitch.yaw.erasion)

DTU WEC wind turbine controller including yaw actuation and servos

Wind pawer plant collection system

Wind power plant controller with MPPT, balance and delta modes

Coupling with PyWake for quasi-steady wake effects with synthetic turbulence and wake
advectian

The cade repository is located here.
Alternative coupling with FLORIS from CENER is lacated here.

Alternative coupling with FOXES from IWES is located here.

wind farm control Wi dynamics
wind turbings 1,..., N Farm flow
Wind power .
Wake mod
ot cemtrol ,i:f,i-:},i\‘[. abe mode
Wind turbine =50 & | I
dynamics ity
| v wrimd!
directions
¢ Wind turbine
it contral o - : m——
flow control Synthetic
[s] turbulence model
2
—0

= Example

o Wind steps from cut-in to cut-out at full wake direction on an array of 4xEA-15MW
at 5D

o Wind direction ramp from full ind back at full wake di on on an array
of 4x|EA-15M ITat 5D

o Impact el on an array of 4xIEA-15MW-RWT at 5D with 48h inflow d
Homs

o Impact of erosion safe mode % derating) on an array of 4xIEA-15MW T at 50 with

48h inflow data from Horns Rav

* Imp ating) comb ith sector-based yaw misalignment

on an a info data from Horns Rev

= Parameters
Input
Output

Parameters

° e 0 o

Next ©



https://gitlab.windenergy.dtu.dk/aire/dtu-wpp-ctrl
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Test case

* Array of 4 IEA-1SMW-RWT at 5D
e 48h 1Hz inflow data from Horns Rev
* Around partial/rated power and full wake

300

280

270 |

V [m/s]
Vdir [deg]

260 |

time [s] 10 4 ) )
X time [s] 10
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Test case

* Erosion Cp/Ct input from IEA T.46/LEARCat (Cat 3)

Cases:

»Baseline

»Erosion

»Erosion safe mode (ESM)

»ESM and yaw misalignment control (Yaw_ctrl)

FFA-W3-211 (at 77%-100% span)

osion Category
w ™

2
T
1 -
/ r [‘ / }
/. s

0 e e e e e o e d o—ad

05 06 a7 08

200

Blade Span 1/R
Maniaci, et al., 2020
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Results

* Flow maps with yaw misalignment
* Vadir sector 270°+11.3°
* Example yaw 20°

2000 A [} s8.46
1500 A - 7.86
1000 - - 7.26
5 w
500 A 6.66 2
= 0 1 2 3 6.06 3
E o] B f—— — 3
>
5.46 ©
—500 2
4.86 =
—1000 A
4.26
—1500 -
3.66
—2000 1 . . . . . 3.06
0 1000 2000 3000 4000
X [m]

PyWake models:
wake_deficitModel=IEA37SimpleBastankhahGaussianDeficit()
superpositionModel=SquaredSum()
deflectionModel=JimenezWakeDeflection()
turbulenceModel=CrespoHernandez()
rotorAvgModel=EqGridRotorAvg(3)
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Results

* Operational for ESM+Yaw_ctrl
 ESM: 80% derating
* Yaw_ctrl: +20deg in sector
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Results

* Power impact of erosion (-2.1%), ESM (-1.0%)
* Potential power recovery with ESM+Yaw_ctrl (+1.4%)
* Steady-state prediction with ESM+Yaw_ctrl: +3.2%

1.05 6000
T T T

5000 L

4000 L

3000 |

Total mean power [-]
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2000 L

1000 L

0.95

= Total power [MW]
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Results

Animation of simulation case with erosion vs ESM+Yaw_Ctrl

erosion erosion
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E 0V =91mls—>
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300 7 Power gain = 4.5%

-1000 1] 1000 2000 3000 4000
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Results

* Sensitivity to erosion, ESM, Yaw_ctrl
* Feasible power recovery/gain with Yaw_ctrl down to ~70% derating in

Total mean power loss [-]
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Results

* Comparison PyWake, FLORIS, FOXES

* Wind step test
* Wind dir ramp test
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Results

* Comparison PyWake, FLORIS, FOXES
* Inflow case (48h 1Hz inflow data from Horns Rev)

Cases:

»Baseline

»Erosion

»Erosion safe mode (ESM)

»ESM and yaw misalignment control (Yaw_ctrl)
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Results

* Comparison PyWake, FLORIS, FOXES

* Prediction of mean power impact of ESM/Yaw_ctrl
* Dynamic vs static cases

* Impact of static wake

% compared to baseline (no erosion) zzz :j
case DTU DTU CENER CENER IWES IWES : 502_ Ag——— :E
dyn st dyn st dyn st 2
Erosion | -21  -14 .1 1.1 B ‘1.5 .
ESM B0 0.0 1.0 0.0 1.0 0.0 D b
ESM & P e e e
Yaw il 3.2 g5 18.8 0.0 -10.7
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“Conclusion

Control framework for WPPC and WFC
Erosion impact through Cp/Ct data
ESM and Yaw_ctrl capabilities

Python implementation (with
PyWake/FLORIS/FOXES)

Impact of erosion, ESM, Yaw_ctrl
Impact of wake model choice

Dynamic vs static

Next steps:
» Study effect of different erosion levels
» Apply to field test cases




Thank you.

Q@ProjectAire @ @Aire Project

gitlab.windenergy.dtu.dk/aire/dtu-wpp-ctrl
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