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Erosion safe mode control demonstration

Charlotte Hasager, Jakob llsted Bech, Asta Hannesdottir, Jens Visbech Madsen,
Nicolail Frost-Jensen Johansen, DTU Wind Energy
Flemming Vejen, Danish Meteorological Institute

EERA SP4 Aerodynamics Loads & Control, Blade Erosion Workshop
14 December 2021 online, organizer CENER

DTU Wind Energy

[Division / Section]



HE

Tuesday, 14 Decemhb
20

[Division / Section]




=

—

=
A

W

Erosion-safe mode operation

Erosion safe mode
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Aberdeen Bay Wind Farm

Aber ieen+Bay Wind Fai m
CAberdeen

Source: GoogleEarth 5
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Aberdeen Bay Wind Farm

e Wind turbine V164 at 8.8 MW
e Hub-height 120 m

e Wind farm 11 turbines

» Distance to shore 3 km

DTU Wind Energy
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Erosion-safe mode demonstration campaign

Erosion safe operation Standard operation

Aim is to compare:

e Erosion rate

 Cost model (profit)

Bech et al. 2018 Wind Energy Science
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Technical implementation

Erosion
indicator
coating on
leading edges

Inspection
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A priori knowledge

VN-curve of the
indicator
coating.

Testing is done
in Rain Erosion

Tester (RET).
NI /
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Technical implementation

Micro Rain Radar
at the nacelle
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Micro Rain Radar

2019-12-13 17:00-18:00 UTC
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Time span to react
(~2-3 minutes)

Source: Anna-Maria Til
J Tilg et al. 2020, Wind Energy Science
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A priori knowledge

Expected rain and wind at site
No data is available on site

Initial analysis comparing
precipitation at Danish and
Scottish sites

Numerical model (ERAD5)

Tuescav 14 December DTU Wind Energy [Division / Section] 11
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Precipitation observations

Monthly precip sum
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Rain ‘magnified’

Y M
_ ) ) )
M DD
) ) ) ) ) Annual rain amount at 0.7 m
)

Y 4 » > y ) ) .
: ) - i . N Tip speed of the blades at 90 m/s
; )
) )

SZQ 5,-;-, A R Y Assume the turbine is at rated speed.

Take
Rain data are ‘magnified’ by turbines so
good accuracy is required!

Hasager et al. 2021, in Book chapter
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Erosion-safe mode

W

Precipitation and wind
conditions

Erosion rate including Erosion-safe turbine

damage modelling operation

Revenue optimisation
including repair

Hasager et al. 2020 Renewable Energy
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Hvide Sande: How much time?

* In 18 years May to September 2002 to 2019 there are

—12.200 10-minute values with rain >= 0.6 mm/h
— 8.296 10-minute values with rain >= 1.2 mm/h
— 3.064 10-minute values with rain >= 3.0 mm/h
- 377 10-minute values with rain >= 10.0 mm/h

Rain rate at Hvide Sande May to September

Using 1.2 mm/h as threshold gives in 5 months 2002 to 2019 for wind speed >= 6.8 m/s at 10 m

460 10-minute values, i.e. 77 hours (3.2 days) 80

Out of these wind speed >= 6.8 m/s at 10 m
261 10-minute values, i.e. 43 hours (1.8 days) £ L

Tuesday, 14 December
2021
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Rain rate for 18 years only May to September!
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MRR PRO

* We can operate for rain rate >= 1 mm/h in 10 minute intervals
» We can alternatively operate for rain rate >= 1 mm/h in 1 or 2 minute intervals

» We can suggest to stop the turbine in case of hail

[Division / Section] 18
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Challenges

To install Micro Rain Radar

To paint the blades

To monitor regularly

To make the control settings without knowing the rain and winds well

The exciting part is to overcome all the challenges and demonstrate erosion safe mode

19

Tuesday, 14 December
2021
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