Task 46 - Erosion of wind turbine blades: WP#2 Climatic conditions

Wind turbine blade LEE PRIMARILY caused by
material stresses induced when hydrometeors
impact on rapidly rotating blades

Loss of coating, reduces aerodynamic
performance
Variable by site, difficult to predict E.g. Blades
replaced at Anholt, London Array after a few
years of operation

How long will blades at a site last (to
repair/replacement)? Is it worth

1. Applying leading edge protection?

2. Operatingin ‘erosion safe mode’?

To extend coating lifetimes
Complex decision — depends on difficulty of
access, price of electricity, likely down time or
progression of LEE etc but fundamentally on the
climate (joint probabilities of precipitation
mounts/types & wind conditions) 1
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Most of the ‘Accumulated

Distance to Failure’” ADF
occurs in the outer one-
third of the blade at high
wind speeds and high
precipitation rates e -
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Task 46 - Erosion of wind turbine blades: WP#2 Climatic conditions

Actions & Goals:
.- H 2.1 Perform a Phenomena Identification and Ranking Table (PIRT)
- =

analysis to identify parameters of critical importance to LEE and to

' guantitatively assess current measurement and modelling capabilities.
* Verify we agree on priorities & research needs! Mn: 1-6

' 2.2 Recommended Practice for measurement of LEE drivers
Sara C. Pryor * Conclude and make (& release) a robust workflow! Mn: 7-18

sp2279@cornell.edu 2.3 Assessment of modelling capabilities to represent key atmospheric

. drivers of LEE (V&V exercise)

s * Prediction requires simulation! Quantify current level of skill for e.qg.
hail prediction with regional models (e.g. WRF for varying model
configurations, JPD: RR & U) Mn: 19-30

2.4 Roadmap for LEE atlas.

A o,  Develop advanced framework for translating measurements &

::::E:;:e modelling to robust geospatial descriptions of LEE potential. Mn: 31-
3 rb737 @ cornell.edu 46 2 3
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2.1 Phenomena ldentification and Ranking Table (PIRT) analysis

Objectives:
* Advance understanding of the processes/phenomena that cause LEE & the consequences of LEE
* Prioritize research to maximally enhance Technology Readiness Level (TRL) of solutions

21 processes/phenomena (7 from each Workpackage). For each rank: (1) Importance to
LEE/uncertainty in predictions (2) Translation of knowledge to measurements (3) Translation
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of knowledge to models = % ; e

Cornell University

Process/Phenomenon 1. Hub-height wind speeds during precipitation events
of different meteorological causes

Explanation: Spatiotemporal variability in joint probability of precipitation
(intensity/phose) and wind speed at wind turbine hub-height as a function of
prevailing meteorological conditions (e.gv deep convection v. stratiform cloud
systems). Note: High-frequency (< 30 min integration) information across a
range of locations and long-term time series necessary to robustly describe
the tails of joint distributions.
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2 1 Phenomena Identlflcatlon and Ranking Table (PIRT) results

N E . « Rankings of processes/phenomena importance
Eou T e | Bl I consistent across all respondents (LOW standard
02z e |Zoas), s dev. of IMPORTANCE rankings for mean ranking of
3 02 " £ . .
3 s J 18 oler - HIGH IMPORTANCE). i.e. The respondents agree!
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Sospe N L myeemoee?) | e Respondents vary in terms of how well they think
€ ol * . knowledge has been implemented in measurement
2 - technologies & models (large SD).
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Mean ranking of Madeling
* Most important processes are not necessarily best
.. goos . represented in measurements & models.
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e e Y e o e o s some re-alignment of research investments.

Mean ranking of Importance Mean ranking of Importance
Climate drivers (P1:7) 3
® Operation with erosion {P8:14) 4
*  Laboratory testing (P15:21) .
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2.1 Phenomena ldentification and Ranking Table (PIRT) outcomes
First-tier priorities:
e Process/Phenomenon 21 Materials properties that dictate damage initiation and progress
e Process/Phenomenon 14 Operational decision factors
Second-tier priorities focused on improved measurement technologies are:
e Process/Phenomenon 2 Hydrometeor size distribution & phase as f(prevailing meteorological conditions)
e Process/Phenomenon 5 Impinged water as f( hydrometeor diameter/phase and prevailing flow conditions)
e Process/Phenomenon 9 Material loss through different operating conditions
e Process/Phenomenon 15 Repeatability and variability of Rain erosion tester (RET) experiments
e Process/Phenomenon 16 Influence of material defects in RET
e Process/Phenomenon 20 Post-incubation damage growth
Second-tier priorities focused on improved modeling technologies are:
e Process/Phenomenon 1 Hub-height wind speeds during precipitation events of diff meteorological causes
e Process/Phenomenon 2 Hydrometeor size distribution & phase as f(prevailing meteorological conditions)
e Process/Phenomenon 5 Impinged water as f( hydrometeor diameter/phase and prevailing flow conditions)
e Process/Phenomenon 9 Material loss through different operating
e Process/Phenomenon 15 Repeatability and variability of Rain erosion tester (RET) experiments
e  Process/Phenomenon 16 Influence of material defects in RET experiments
- Process/Phenomenon 20 Post-incubation damage growth
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Report available at https://iea-wind.org/task46/t46-results/. 3
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2.2 Recommended Practice for measurement of LEE drivers

* Collect publicly available data sets on droplet size distribution & 03—
phase from disdrometer, microradar etc. —iy

* Document HOW data are being/should be processed Eo'z é

(collaborating with global hydroclimate community) To1

* Perform collective data analyses with common codes & , ,5%5 | |
assumptions to understand if e.g. One instrument almost always ° P Mmtes g8
gives more smaller droplets etc.... Diagnose by pooling data across | fiuence of measurement technology
different climates when there are largest discrepancies. (disdrometer type) on Accumulated

* Hail as sampled by disdrometers (via Weather Codes) - new HSD Distance to Failure (from Springer). Ref:
& evaluate formulation of Cheng & English: N = HOA3'63€_AD Letson & Pryor (2023): Energies 3906 doi:

10.3390/en16093906
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2.3 Assessment of modelling capabilities to represent key atmospheric
drivers of LEE

* @Cornell: Sensitivity analyses of WRF physics settings complete.
Long-term dx=4-km underway including hail (1 yr to completlon)
Compiling datasets for V&V exercise* ' i

Elevation (km)

Ref: Pryor & Barthelmie (2026): IScience 29 114439

* Seeking others to conduct similar simulations elsewhere i T T
* Joint development of V&V framework development planned. Mehe | Wi
* ‘Target’ against which the simulations should be evaluated?
* Many people within the WP are using NASA-IMERG for S
LIQUID precipitation — GLOBAL, dt=30min, dx=0.1x0.1 deg Gk e A=A

but negative bias for heavy rainfall (might be improved in i | | . N %
neyv release.planned for Augus’F 20.26). : Haildays - ouar CONDS:

* Hail properties from dual-polarization radar (geolocation & Ref: Pryor et al. (2026): ERL
size and PoH) coverage excellent in USA but not everywhere doi: 10.1088/1748-9326/ae6880

& are in-cloud not at ground!
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2.4 Roadmap for LEE atlas

* New geospatial & temporal (5-min resolution) wind turbine blade coating atlas
developed & released for > 800 sites across USA that includes erosion due to both RAIN

and HAIL.
* Based on 20-years of near-surface observations & dual-polarization radar data with

ADF from Springer model.
* Template for workflow development & can be applied to other jurisdictions.

Wind turbine (WT) blade coating lifetime

Atlas & MATLAB codes available for
download

Ref: Pryor S.C. and Barthelmie R.J. (2026): Hail as a damage
vector for renewable energy. IScience 29 114439

10.1016/j.isci.2025.114439

Contribution from hail
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