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Background

A A code originally developped in
the 80s for blade throw

A Reviewed and revised in 2010
A Initial results published in 2015

and it was decided to make the
code open source
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Motivation
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Why considering icing

» Increases In fatigue loads
» Decrease in power production
» Risks of ice throw

I lce risks are much more significant than

blade/fragment failure (Frequency blade failure
103/year; ice throw > 10/year)

According to the legislations, the danger of getting hit

by ice fragments needs to be assessed already during
planning phase

The aim Is to minimize accidents
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Media considerations
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Sunday 20 January 2013
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Wind turbine's deadly ice shower srer

Published on Saturday 29 November 2008 13:07

Residents were left fearing for their safety after shards of melting ice fell on
homes and gardens from the blades of a giant wind turbine.
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Ice throw examples
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Icing examples

Figure 9. Icing under different modes of operation. Top: Beginning of icing during
operation; middle: re-icing after ice throw during operation; bottom: icing
during idling.
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Icing examples

Figure 1. An example of extremely iced leading edge of a rotor blade in Germany
(Photo: Kranz, in[ 1], left side).
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A real example of ice throw

Conditions:

T Cat Il wind turbine; hub ~ 80 m; rotor diameter ~ 90 m.

1 Data collected on 16.01.2013; there had been heavy
snowfall on 14.01.2013 for around 4 hours, though the
temperature was relatively high and some of this snow had
melted back (at ground level; no observation was made of the
WT at that time). Further snow fall on 15.01.2013 with lower
temperature. Cold conditions -5AC or below followed and little
or no wind. On 16.01.2013 the temperature remained below
zero; there was ~10cm snow lying on the ground; little or no
wind; WTs motionless or moving very slowly.

Observations:

Two types of ice was found fallen from turbine blades:
1. Compacted snow in plate-like formation, less
dense than water-ice, typically 77 20 cm side
length, 1 cm thickness, up to around 0.100 kg.
2. Harder snow-ice partially transformed into
water ice, but density still probably < 917 kg/m3.
Tended to be in longer shards, up to 1.0 m long,
77 10 cm wide and around 1 cm thick.

Snow/ice was observed to fall within 30 m of the tower

DTU bases.
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Pieces thrown from WTs
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These pieces were all found adjacent to one another and broke
as they were pulled from frozen ground. They are likely to have
fallen as a single shard, 0.7 7 1.0 m in length. Scale: they are
lined up on the roof of a VW Polo.
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Compacted snow fallen from turbine blades
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Ice throw calculation

Empirical formulas:

d=15D+H) Operating

=y H) Stand stil

Simple ballistic models

More detailed aerodynamic models

CED simulations (impractical ? )
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Aerodynamic model
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Pseudo-code

1: Program SAVBAL(ABL and turbine parameters, initial conditions)
2: Call initiate ! Evaluate initial position.,
3: orientation and velocities of fragment
4 at tg in it’s local coordinate
5: while z, <0 do I main loop of the program,
6: iteration until the body hits the ground
7: Call trans1 Yl [R, 0g,,, T, &) ! Arrange a set of 18 ODE’s
8: Call local velocity Tipear < R, Uy, @Gp, Vwind(hst) I Calculate relative
velocities
9: Call aerodynamics Ftota;,ﬂtotal + R(a), Uiocal @b I Calculate loads
10: Call RungeKutta ynew ¢ [?,ﬁtotal,ﬂ:itoml]"ld ! time integration
1i: Call Trans?2 [R, @b,ﬁb,(ﬁb]new « ynew ! update new values

12: End while
13: End Program

Figure 2. SAVBAL'’s pseudocode procedure
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Qualitative simulations
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Inputs

Lift coef. =0

Drag: Flat plate

Table lll. Aspect Ratios, reference chord length ... ; and detached mass i) of the ice fragments (p;.. = 0.7kg/m?) used for throw
simulation of turbines of different sizes

2.3 MW SMW 10 MW 20 MW
Cases — AR | Creplm| mlkg] | Creplm| mlkg] | Creplm] mlkg] | Creplm] mlkg)
AR=1 0.18 0.43 0.97 2.16
AR=2 0.1 0.36 0.15 0.87 0.2 1.95 0.3 433
AR=3 0.54 1.31 2.94 6.49
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Results
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Figure 18. Maximum throw distances obtained for (a) full-blade and (b) blade shell in different operating conditions. (blue)
Viip = 70m /s as a function of turbines power.
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Figure 19. Maximum throw distances obtained for the ice-throw in (a) stand-still operation i.e. Vi, = 0Om /s and (b) normal operating
condition i.e. V,,,, = TOm /~ as a function of turbines power.
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Future work

. Realistic ice accretion shapes and densities:

Experimental studies in climatic wind tunnels
Validation of SAVBAL against the current and future
databases

Numerical modeling of ice accretion on WT blades

Integration with risk assessment tools

?

DTU Probability of fatality by indirect impact in a 5m x 5m cell
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