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FIGURE 1: Scheme of Hydrobond project



FIGURE 2: (a) Accreted ice on the sample; (b) centrifugal ice adhesion test equipment and (c)
water jet erosion test
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FIGURE 3: Scheme of rain erosion (RE) samples (A); Image of RE samples without coating and

coated



FIGURE 4: Wind blades placed in Bremerhaven (Denmark) to validate the Hydrobond process.

FIGURE 5: Wind blades painted with HBH070, Hydrobond solution
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FIGURE 6: Strategy of Hydrobond project
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FIGURE 8: Modelling at the microscale level of the thermomechanical properties of the
blade/coating system
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Figure 9: approach to increase the hydrophobicity is to reduce the surface density without
increasing the surface porosity to the water molecules



FIGURE 10: Jet erosion test equipment
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FIGURE 11: Icing wind tunnel at TUT and accreted ice on the sample and centrifugal ice
adhesion test equipment



FIGURE 12: Part of a LM17.0 blade
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FIGURE 13: scheme of the global process




Before AUTOCLAVE After P/T treatment

FIGURE 14: Effect of the thermomechanical post-treatment on the coating
microstructure (cross-section, optical microscopy, before and after P/T Treatment)
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FIGURE 15: Others applications
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THE WIND ENERGY SECTOR }éﬁ
A EUROPEAN CHALLENGE P o 1Y g;

WIND TURBINE INDUSTRY MEETS SCIENCE
BARCELONA INTERNATIONAL WORKSHOP & CONFERENCE NOVEMBER

FIGURE 17: Publicity of International workshop

FIGURE 18: Session in the International workshop



Potential of icephobic coatings in wind turbine applications
Christian Stenroos’, Annika Lautala?, Heli Koivuluoto!, Giovanni Bolell?, Jari Knuuttila, Luca
Lusvarghi?, Petri Vuoristo’

"Tampere University of Technology, Department of Materials Science, Tampere, Finland
Milldyne Oy, Tampere, Finland
University of Modena and Reggio Emilia, Department of Engineering “Enzo Ferrari”, Modena, ltaly

FIGURE 19: Participation in Winterwind conference (6-8 February, 2017, Skelleftea,
Sweden)



HYDROBOND in IWAIS 2015

Heli Koivuluoto and Christian Stenroos from TUT participated in 16th
International Workshop on Atmospheric Icing of Structures (IWAIS 2015) which
was held in Uppsala (Sweden) 28 June - 3 July, 2015. Christian Stenroos
presented the Hydrobond project in his presentation “Research on icing
behavior and ice adhesion testing of icephobic surfaces’. IWAIS conferences
bring together leading researchers and industry representatives to facilitate
exchange and interaction in view of finding practical and economical solutions
to the disruptive effects of atmospheric icing. More information about the

IWAIS2015:

Research on icing behavior and ice adhesion
testing of icephobic surfaces

Heli Koivuluoto', Christian Stenroos!, Riku Ruchonma', Giovanni Bolelli®, Luca Lusvarghi®, Petri Vucristo!
' Tampere University of Technology (TUT). Department of Materials Science, Tampere, Finland. “University of Modena and
Feggio Emilia (UNIMORE), Department of Engineering “Enzo Ferrari”, Modena Ttaly
heli kaivuluototut &

Absrace: Surface engineering shows potential to provide
sustainable approach to icing problems. Currendy several
passive amfi-ice mechanisms adoptable to coating: are
known but farther research is required to proceed for
practical applications. Icing wind runnel and centrifugal ice
adhesion  test i enable the i and
development of anti-ice and icephobic coatings for e g, wind
turbine applications but also other growing players in arctic
environment e_z. oil, extractive and logistic industries. This
research is focused on the evaluation of icing properties of
variens surfaces.

Keywords: ice adhesion, icing wind munnel, ice accretion,
coatings, surface properties
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INTRODUCTION

On-going climate change, opening of mew logistic routes,
energy and mineral resources as well as increasing tourism feed
the growing activity in cold climate regions. One of the major
challenges for operations in these areas is ice and smow
accretion. Leing reduces safety, cperstional tempo, productivity
and relisbility of logistics, industry and infrastrucare. Figure 1
shows examples of an ice accretion on the problematc parts
such as on wind murbine blade leading edge and on vessel.

Figure 1: Ice accretion &) on wind furbize blade leading edze
[1] and b) en vessel [2]

Surface engineering shows potential to sustainable approach
to icing problems Passive amti-ice coatings can hindsr ice
formation and icephobic surfaces reduce the sdhesion of
accreted ice. Cumrent commercial coatings with icephobic

characteristics rely on hydrophobicity, releasing of lbricant or
melting point depressants and ablation. Cumently, research is
addidonally «carried out oo icephobic powential of
superhydrophobic surfaces [3], phase change materials [4],
slippery liquid infused surfaces [5], anti-freeze proteins [§] and
surface morphology [3.7]. All these anti-ice mechanisms show
promising results in reducing ice sccretion and adhesion
Nevertheless, so fr these are fnctional only in specific icing
conditions for a limited amount of time. However, the wear
resisiance of these coatings is poor and thus, the cument
coatings are practical omly in Lmited applications or the
icephobic effect is insufficiently significant [8]. Ideal icephobic
surface should bave also anti-ice characteristics. It should work
in three different stages of ice formation. Ideal icephobic
surface should 1) minimize accummlstion of water om tha
surface by reducing inferactions of the surface and incoming
water, 2) inhibit beterogenecus ice mucleation and 3) wesken
the adhesion of ice om the surface [9].

As an example, there are three main icing mechanisms for
wind mrbine applications: 1) in~cloud icing, 2) precipitation
icing (wet snow, freezing rain) and 3) frost formation [10]. The
first two mechanisms include supercocled liquid water and the
third one condensing water vapor. In-cloud icing is the most
detrimenal icing mechanism for wind nmbines [11]. I ocours
when supercooled water droplets, contamned m cloud or fog, hit
a surface below 0 °C and freeze upon impact. In-cloud icing can
be divided in two sub-mechanizms based on the macrosmacmre
of resulting ice: rime (soft and hard) icing and glaze icing. In
rime icing, water droplets feeze immediately upon impact
contact with the surface and form porous ice with white
appearance [12] Seft rime has a feathery appearance, it is
formed at cold temperatures, from small droplets, low Liquid
water content (LWC) and its adhesion is low. Hard rime has
more icy appearance but it has sl high porosity. Hard rime has
higher adhesion and it is formed after slower freezing which_ in
fum, is due to larzer droplets, higher liquid water content, or
higher temperature. On the other hand, in glaze icing, pamt of
the water dropless freeze upon impact and the remainder run
along the surface before freezing and form smooth and non-
porous clear ice.

In order to develop and-ice or icephobic coatings, test
equipment was desizned and comstructed. Several icing tests
have been introduced in literamra [13-15]. However, often thase
tests either inchide heavy wind tannels used by serospace and
antomotive industry or the tests are exremely simplified and far
from practical conditions. Even more, icing tests are not
standardized. To make affordable and compact but muthful test
facilities for evaluation of icing, it was decided that a small
scale icing wind tumnel znd an ice adhesion test apparatus be
constructed. Both of thesa items are placed in a climatic room
to pguaramee comstant atmespheric conditions throughout
testing.

FIGURE 20: participation in International Workshop on Atmospheric Icing Structures

(28June-3July, Uppsala, Sweden, 2015)
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TABLE IlI: tests prior the RE test:

Test method Standard Acceptance value # of replicates
Pull-off test ISO 4624 >5MPa 3
Repairability (pull-off
test ISO 4624 >5MPa 3
after recoat)
Ice-adhesion <80KPa 3
Thickness reduction? >30% 1

10Only applicable for CGS samples




