.
, = .
Academic.and research cgfleppfatichile

L

L]

pICENaNnd CoARIce Projec

Funded by
The Research
Council of Norway




Multi-disciplinary Study of Atmospheric Ice Accretion Physics & Developing
Optimal Technological Solutions to Minimize Ice Accretion Effects

Multi-disciplinary Study of Atmospheric Ice Accretion

Physics & Developing Optimal Technological Solutions

° U |T L| n k: to Minimize Ice Accretion Effects

Alternative title: Tverrfaglig studie av isdannelses fysikk og utvikling av optimale

htt ps ://e n ) u it ) n O/p roiect/n ice teknologiske losninger for & minimere effekter av ising.

Awarded: NOK 12.5 mill.

.
[ ] .
. Source: Research council of Norway

Project Manager: Professor Muhammad Shakeel Virk

https://prosjektbanken.forskningsradet.no e —
/project/FORISS/324156 e

Organisation: UoH-sektor / Universiteter / UNIVERSITETET | TROMS®@ - NORGES ARKTISKE
UNIVERSITET / FAKULTET FOR INGENI@RVITENSKAP OG TEKNOLOG / Institutt for

industriell tekn¢

Location: Troms - Romsa

Subject Fields: Matematikk og p
Simulering, visualisering, signalbehandling, bildeanalyse



https://en.uit.no/project/nice
https://prosjektbanken.forskningsradet.no/project/FORISS/324156
https://prosjektbanken.forskningsradet.no/project/FORISS/324156

Development of Collaborative Academic and Research Program to Study Ice

Accretion on Structures in Cold Region

e UiT Link:
https://en.uit.no/project/coarice
* RCN Link:

https://prosjektbanken.forskningsradet.no
/project/FORISS/309241

Development of Collaborative Academic and Research
Program to Study lce Accretion on Structures in Cold
Regions

Alternativ tittel: Utvikling av faglig samarbeids- og forskningsprogram for & studere
isdannelse pa strukturer i kalde regioner

Tildelt: kr 3,6 mill.
Kilde: Forskningsradet
Prosjektleder: Professor Muhammad Shakeel Virk
Prosjektnummer: 309241
Seknadstype: Koordinerings- og stotteaktivitet / Nettverksstatte
Prosjektperiode: 2020 - 2024
Midlene er mottatt fra: INTPART-International Partnerships for Excellent Education and Research
Organisasjon: UoH-sektor / Universiteter / UNIVERSITETET | TROMS@ - NORGES ARKTISKE
UNIVERSITET
Geografi: Troms - Romsa - Tromssa / Tromsa
Fagomrader: Teknologi / Bygningsfag / Bygg-, anleggs- og transportteknologi
Samarbeidsland: USA
Canada
Kina

Japan


https://en.uit.no/project/coarice
https://prosjektbanken.forskningsradet.no/project/FORISS/309241
https://prosjektbanken.forskningsradet.no/project/FORISS/309241

Case Study on Ice
Nucleation
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What is ice nucleation?
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The process of ice nucleation occurs when
’m small ice crystal embryos form on membrane
e /Ho that act as nucleation sites. These facilitate the
Ww ey aligning of water molecules, which promotes
“ ‘ freezing.
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Why nucleation is important?

Aerospace

anti-icing strategy: avoid (delay) ice nucleation

Infrastructure
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Methodology — Experiment Settings
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Results &
Discussion
(high-speed
imaging)
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Results &
Discussion
(high-speed
thermography)
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Results & Discussion (high-speed thermography)
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Discussion
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Results &
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First ever, high-definition (1024 X 768 pixels), at maximum

CO N Cl UsS | on zoom capacity (4x zoom), high-speed (120 Hz), thermography
of ice nucleation event.

and

F Utu e WO rk We are working with the development of multiphysics based
structure/fluid mechanics/heat transfer model of the

nucleation event.




TEK-3602 Thermography and Spectroscopy

The course is divided into two main parts:

 Thermography - In this part, student will learn to obtain and interpret the data from
thermography using infrared thermal imaging devices and associated software.

* Spectroscopy - In this part, student will learn the basic theory behind spectroscopy and
typical measurement techniques in both laboratory and field environments.

In both, students learn to appreciate the applications of electromagnetic waves in infrared,
visual and ultraviolet bands of the electromagnetic spectrum.

UiT Link: https://en.uit.no/education/courses/course?p document id=765546



https://en.uit.no/education/courses/course?p_document_id=765546

TEK-3604/TEK-8015 Multiphysics Simulation

The course covers multiphysics modelling techniques for structural
mechanics and fluid mechanics/heat transfer. Students will learn about
structures problem and simulation techniques with the use of Finite Element
Methods (FEM). Similarly, students will learn about fluid mechanics/heat
transfer problems with the use of Finite Volume Methods and Finite
Difference Methods (FVM / FDM). In both, students will learn about
governing equations, discretization techniques, initial & boundary

conditions, and solving techniques. They will also learn ANSYS® Multiphysics
and MATLAB® software.

UiT Link: https://uit.no/education/courses/course?p document id=822267



https://uit.no/education/courses/course?p_document_id=822267

Exploring knowledge gaps on atmospheric ice accretion

We spoke to Professor Muhammad Virk about the work of the nICE project in
investigating how atmospheric ice accumulates on ground structures. Researchers are
also exploring new technological solutions to detect and mitigate ice on structures and
streamlining strategies regarding ice disaster management for safe and cost-effective
human industrial operations in the High North and the Arctic.

The accretion of ice on key
infrastructure like power transmission lines,
wind  turbines, communication towers,
roads and railway infrastructure can have a
significant impact on wider society, disrupting
energy transmission, telecommunication, and
transport networks for example. Much has
been learned over recent years about icing on
airborne structures but not much for ground
structures. Now Professor Muhammad Virk
and his colleagues from UiT- The A
University of Norway - are focusing their
attention in this niC

ion on ground structures. “We're
looking at how we can improve scientific
knowledge about ice accretion on ground
structures,” he outlines.

It is essential to know the type, frequency
severity, and duration of icing events. The
severity of atmospheric icing varies depending
on local weather conditions. e chang
has also started to affect icing cycles. A lot of
the existing knowledge on ice accretion relates
to high-wind speed conditions, which holds
relevance to the aviation sector, but there are
clear knowledge gaps in terms of understanding
the icing process on ground structures. “One of
the core aims of the nICE project is to fill in that
knowledge gap," continues Professor Virk

nICE project
The nICE project aims to strengthen research
activities about atmospheric icing, developing
gical solutions and multi-disciplinary
researchinfrastructures to gainnew knowledge
about atmospheric icing on ground structures.
isLed by Professor Muhammad Virk

group of researchers, whose work mainly
involves multi-scale numerical modelling of
ice accretion, ice detection and mitigation
e disaster manageent. The numerical
models are being validated with the field
measurements data gathered from a field i
ing station installed by Ui researchers
inside the Circle in northem Norway.

“from this advanced field ice monitoring
station, we ‘will have a set of meteorological
data, including wind speed, atmospheric
temperature, pressure, humidity, liquid water

ntent, super cooled water droplet size, icing

to that seen in high wind sp
higher altitudes. In the nICE project rese

are studying this closely, with the objective
improving ice accretion physics models. More

the development of i

to provide meteorological organisations wi
more mature forecasting models for
events by the end of the project,” outlines
Prof Virk. Professor Yngve Birkelund and
his team are working on meso scale modelling
of ice aca

The project’s agenda also includes the

design of a new, hybrid ice detection and

mitigation system, suitable for covering large
surface areas. “Currently most ice detec
sensors provide information at a si

location, but we are interested in seeing ice

over a large surface area, and in developing

ice detectionand

ins. “In nICE

project, Dr Hassan Khawaja and his team are
designing a new, infrared-based ice detec

d mitigation system.”

This new system can provide a greater level
of detail about the extent of ice detection, so
mitigation can then be proportionate to the
severity of the problem, rather than wup\y
turning on a power-hungry heat
Heating systems prevent super cooled water
droplets from freezing on structural surfaces,
yet they are expensive. “You have to use a lot
of electrical power, which costs money. That
may be fine for some applications, but for
others we will have to utilise cost effective
optimal methods,” says Professor Virk.

Another  approach  involves  using
hydrophobic surface coatings to prevent
water droplets from

Professor Virk says this approach is not fully

Professor Javad Barabady and his team is
also working on dev
ment, which i an importart
safety consideration for populations in ice-
prone regions. Norway experienced one of the
heaviest ice loads (305 Kg/m) ever measured
on power transmission lines during the early
60', and it proved almost impossible to de-
power lines in a short timespan. Under
such circumstances, damage to infrastructure
is highly likely, as well as loss of power for
thousands o inhabitants in affected areas
Furthermore, atmospheric icing on rotor
blades can lead to the complete stop of a

safety and ice disaster management, which
will benefit from knowledge that has been
acquired on ice accretion physics and methods
for prediction of icing events. “We are looki

at ter management, sothat we canput
forward some recommendations in future,”
says Professor Virk. “If such a situation occurs
here in Norway, or elsewhere in Scandinavia,
how should we deal with it? That's one of the
outcomes of the nICE project that will bring
benefits to wider society.”

System application

‘The main target interms of the potential future
application of the knowledge gained during
the nICE project will be High North and Arct
regions, and Professor Virk hopes to assess
the system in future. “We want fo see how
this knowledge will be useful, and whether it

We aim to improve knowledge about ice accretion phySiCS
and propose new technological solutions for sSafe human
industrial activities in Arctic and High North regions.

wind turbine. A reliable method to secure
operational safety is needed to avoid damage
and loss of production. An ice storm in Quebec
& Ontario in Canada in 1998 lasted for five
days and affected more than 4 million people.
This ice storm was idered as one of the
worst natural disasters in Canadian history.
Similarly, in 2008, an ice storm struck the
south-central region of China and significantly
damaged communication, transportation, and
power distribution networks

These incidents highlight the need for
better preparationand management in case of
such disasters. Inthe nICE project, researchers
aim to create a comprehensive plan for icing

The nICE: Muli

could be used to help reduce infrastructure
maintenance costs,” he says. The wider aim in
the project is to gain new knowledge about ice
accretion on ground structures, which could
play an important role in the development
and maintenance of infrastructure in the
Arctic and High North. “If it is decided to build
anew power line or communication tower in
aremote area of these regions, then we hope
that our mathematical models will show what
kinds of ice loads can be expected over the next
40-50 years,” continues Professor Virk. “We're
also considering how industry in Norway, and
other ice prone cold dimate countries can
benefit from this knowledge.”
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