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Investigation on production of
different droplet size and
numerical prediction of the
effect of the size on the rain
erosion evolution
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Rain erosion testrig
LEP lab

IWES Test bench:

= 4 rain generator tanks

= Controlled watertemp 7°C to 25°C
= Dropletsize ¥~2mm

= Tip speed up to 160m/s

= 180-1440I1/hr

Source:
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Comparability of the RET results to the in-field data

s‘ "@_
= Aerodynamicfield %3 IRE
= Rain Field

= Material characterization of coating ??

= Mechanical loading of the in-field blade

Source:
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Mechanical Loading

Upgier sutface
un

Root bending moments

Tower cisteca a. Pressure distribution JiTe: = '

Lift

K. Jayanarasimhan, 2024

https://www.bladena.com/news

Yi Wan, 2014
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Leading edge curvature

= Thickness ~ 3 mm
= 0 degree UD GFRP
= NACA 0025

Source:
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Curvature deflection of Test rig specimen

displacement
e 4 period

a. Pressure distribution

amplitude
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(Avg: 75%)
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Parameters acting on delamination of coating
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Bi-Phasic approach

Physical Hybrid bi-phasic
Laminate 2D/3D model
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Case Study of Bi-Phasic approach
CFRP sample

Delamination

Source:
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Calibration of the numerical model based on experimental measurement
Measurement of droplet force

.05

Experiment result

Simulation result
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R. Zhang, 2019

Source:
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Calibration of the numerical model based on experimental measurement
Numerical modeling of the droplet

SPH model:
Linear U; — U, Hugoniot form
C,=1400 m/s

Hyperelastic:
Shell with Polynomial behavior
Filled with gas

Source:
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Calibration of the numerical model based on experimental measurement
Numerical modeling of the droplet

Hyperelastic SPH model

S, Mises

(Avg: 75%)
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+4.970e-04
+2.731e-04
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Source:
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Case study
Mechanical loading effect on erosion

|
* Pushing open displacement of 1 mm
S, Mises S, Mises
SNEG, (fraction = -1.0) SNEG, (fraction = -1.0)
(Avg: 75%) (Avg: 75%)
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New test campaign for combination of mechanical loading and rain erosion

= Mechanical loading would contain most critical situation of loading base on the numerical investigation.

. . / \ mechanical loading to cause
Rain Erosion test

controlled damages on coating

Source:
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Conclusion and future research:

= A numerical model is going to be established to help the comparison of RET with in-field results

Mechanical loading is playing important role in premature incubation of erosion

= a precise test campaign is designed to study the effect of mechanical loading in more detail

Characterization of material properties effective on erosion from mechanical point of view

Source:

\

Slide 15 4/10/2024 © Fraunhofer IWES % Fraunhofer

IWES



© Fraunhofer IWES/Frank Bauer
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