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European cold
climate research
started at the

ewec 1990 in Madrid
at temperatures

of +35°C

icing of wind turbines, BOREAS, WECO, ...........
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The icing conditions have to be investigated first
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Cold climate in the mountains




Icing of the nature and structures




Icing of sensors
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lcing of wind turbines at stand still
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lcing of wind turbines during operation

Photo: Christoph Lucks




Cold climate operation:
Is it worth to investigate?

University of Applied Sciences

Number of icing
days
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Cold climate operation affects:

WT-design Safety Economics
Gerodynamics ) [ice throw A /wind measurements\
loads ice fall site prognosis
dynamics unbalance energy production
control system resonance lifetime
supervisory system overpower WT-equipment
instrumentation fatigue maintenance
materials repair
\_ AN AN /
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Also affecting the cold climate operation:

Site effects

"

J

Legislation
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Infrastructure
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types of icing
duration of icing
temperature

In cloud icing
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building
permission

insurance

required
distances
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access during icing
events for:

erection
maintenance
repair
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Turbine type
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Strategies

a )

Technical equipment

\ 7

/pitch control
stall control
active stall control

variable speed vs
fixed speed

with or without
gearbox

N

N (.
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stop operation
standstill
idle

yaw

operate
without or
with heating

N

Kice - Sensors
vibration sensors
cameras

active or passiv
anti - icing
de - icing systems

control software
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Also affecting the cold climate operation:
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In cloud icing, undercooled fog, etc.




Rotor top of large WT reaching low clouds

Web-Cam Oberzeiring 26.10.2004 15:56



Ice detected by observation of the results

—

rationelle Stromvertellung
0. . 2, 3, W, 15, 16, 17




Ice detected by observation of the results

However, no ice fragments can be found in high snow




Ice detected by sensors
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Typical ice accretion at leading edges (LE) of bladeg«mw-
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Types of rotor blade LE icing during operation

Same ice accretion at all rotor blades ?



Types of rotor blade icing

glaze ice rime ice




Types of rotor blade icing

' q Fragments from
" MW turbines
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Breakdown due to icing




Aerodynamics and loads of iced rotor blades -
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Wind tunnel tests
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Aerodynamic coefficients at different
types of LE ice accretion
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Drag coefficient cq
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Blade geometry and ice accretion

\\~ Y

Simplified load assumptions e

Airfoil data

i

Transformation )= with iced profils

Aerodynamic Loads due to leading
edge ice accretion

Estimation of mechanical loads

AEP
prediction
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WECO wind tunnel measurements
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Load case
icing
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Blade root bending moment flatwise
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Prediction of ice accretion
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Mechanical load measurements
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Measured frequencies: Campbell Diagram ot
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Loss of energy production in %
Verlust Jahresenergieertrag, %
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Pitch geregelt
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