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The aerodynmics ice throw toolbox, now with a (better) GUI
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Motivation

WECC: Known advantages, but ...

. Increases in fatigue loads due to load
imbalance

« lIce risks are much more significant
than blade/fragment failure
(Frequency blade failure 10 -3 /year;
ice throw > 10/year)

« According to local legislations, the
danger of getting hit by ice fragments
needs to be assessed already during
planning phase

https://www.eologix.com/en/hoarfrost-rime-ice-and-glaze-ice/



lce throw calculation classification

Empirical formulas: e.g.d=1.5(D +

H) for Ice throw

Simple ballistic models (vacuum)

More detailed aerodynamic models

Higher fidelity tools and methods + :
Al (?) 50 x(m)
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windThrow’s Ice throw model

. Blade element theory is used

« Aerodynamic loads calculated on fragments and corresponding
motions translated into a global coordinate system

1: Program SAVBAL(ABL and turbine parameters, mefmi((:rndn‘mm)
2: Call initiate Svalu .

5. whaile z, <0 do

7: Call trans1 Y « [R,5g,. 7, -:b ok

8: Call local velocity vjpear < R, Uy, Dy, Uind(h. ” O
9: Call aerodynamics Fiorat. Miotat — Rl@), Tjocal, &

10 Call R“”gﬁf{“ﬁﬂ Ynev 1 Fiotal, i‘..t'rohu’_}md

e Call Trans2 [R,0gy, Uy, )" " « Y™

12: End while
13: End Program

(Sarlak and Sgrensen, WE, 2016)



Results of ice throw simulations

Table IV. Aspect ratios, reference chord length Cros and detached mass m of the ice fragments
(pice = 0.7 kg/m3) used for throw simulation of turbines of different sizes.

2.3 MW 5 MW 10 MW 20 MW

Cases— AR Crgr(m)  mikg) Crrm mika) Cerlm  mikg Cqr(m  mikg)

AR=1 0.18 0.43 0.97 2.16
AR=2 0.1 036 015 087 0.2 1.95 0.3 4.33
AR=3 0.54 131 2.94 6.49
(a) (b)
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Maximum throw distances obtained for the ice throw in (a) standstill operation, i.e., Vi, = 0 m/s and (b) normal operating

condition, i.e., Vj, = 70 m/s as a function of turbines power.
(Sarlak and Sgrensen, WE, 2016)




New user interface and

File Actions ‘

INPUT PARAMETERS

Name Unit Input values

Wl n dT h row V1 . 2 e Operational WT

Blade Length [m] |[50.0 =
Nb. of Blade Elmts. |[-] 25 InPUts’ ICE CIass
Wind Profile [-] uniform -

Surface Roughness |[m] |0.1

User Friendliness Power law Exponent|[-] 0.143

RANDOM VARIABLES (for Monte-Carlo analysis)

Choose sampling method: purely stochastic  Multiplicative (Not recommended unless acquainted witht)

* Integration of other throw models =
Turb. Intensity [%] 3 YT r

* Integration of guidelines and datasets ; Lﬂc;nte carlo Inputs

Hub wind speed [m/s .

]
]
o —
« Complex terrain R R : Constai=[o0
]

Azimuth throw [deg . Min.=|0.0 Max.=|360.0
° T U rb U le n Ce Detachement point [%BldLen] . Min.=20.0 Max.=|95.0
Ice aspect ratio [-1 . Min.=|0.1 Max.=(10.0
° Ice width [m] . Min.=|0.05 Max.=|0.5
DO Ice density [kg/m~3] . Min.=|300.0 Max.=|900.0

-> Total number of samples = |0

Validate

MONTE-CARLO SIMULATION

Execute! (Reminder: The RANDOM VARIABLES data may need to be validated above before executing)
PLOTTING
PLOTTING In pop-up window for editing and printing (e.g. to file) Res u Its

Choose plotting option: & Hit map . Energy map " Momentum map ( Mass map ¢ Distance density histogram  Plot!

&l

Old interface!



Class windThrow_gui(.py) - Code structure

Class monte_carlo(.py) - MAIN.py

windThrow v1.2

Class windThrow(wT_run.py) ———

Y
Instance windThrow
A )
I S | Complex terrain
Instance monte_carlo
A v Turbulence

Instance windThrow_gui

Ice class inputs

| Compiled Fortran program Inputs
windThrow.e
o — Updated outputs, hit
v B e e energy and hit
Outputs > | ek I velocity map, mass
distribution map

- vT.T interface!



Closure:

« Since the last time,

« New inflow turbulence, complex terrain, further software development
was added to the previously developed massive computations (Monte-
Carlo) and GUI

« Inthe future,
 lIce risk and mitigation module
. Improving the database and validation (Al is the next step)

« Robustness and software development aspects

DTU

B . Thank you for your attention!
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Contact: Hamid Sarlak - hsar@dtu.dk
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