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Th k f  tt ti !Thank you for your attention!Thank you for your attention!

FR TLINES i bj tiFRonTLINES - main objective :j
”T d l t lb f”To develop a toolbox for o de e op a too bo o

i f t d i iassessing frost and rime iceg
impacts on overhead power lines”impacts on overhead power lines
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Development of icing test stationsDevelopment of icing test stationsDevelopment of icing test stations

420 kV line420 kV line
MeteorologicalMeteorological
measurementsmeasurements

Test spanTest spanp

Ice sensorIce sensor

PPowerPower 
lsupplysupply

Ål ikfj ll t (1100 l)Ålvikfjellet (1100 m a s l)Ålvikfjellet (1100 m a s l)
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T t t ti I t t tiTest station - InstrumentationTest station Instrumentation

 Ice load measurements with vertical  Ice load measurements with vertical 
cylinder with forced forced rotation cylinder with forced forced rotation 
(I T ll)(IceTroll)(IceTroll)

 Load tension recorders on the power Load tension recorders on the power 
li  d  line and test spanline and test span

 Wind measurements with a heated Wind measurements with a heated 
l i  ultrasonic anemometerultrasonic anemometer

 Temperature measurements Temperature measurements 
 Web cameras Web cameras
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WRF model simulationsWRF model simulationsW  odel s ulat o s

U d t d d l i thUnderstand and explain thep
meteorological processes thatmeteorological processes that
result in icing buildupresult in icing buildup

L  t  l l ti 1979 2017 Long term calculations 1979-2017:g
4 k  l ti 4 km resolution
L   Large coverageg g

i  l i l i Fine scale simulations:Fine scale simulations:
 500 m resolution500 m resolution
 Local coverageocal cove age

06.02.2018 Winterwind 2018 Åre 5



Statistical downscaling methodsStatistical downscaling methodsg

Liquid water contentLiquid water content
 Account for unresolved terrain in Account for unresolved terrain in 

th l t  ti  ithe long term time seriesg
 By the use of quantile regressionBy the use of quantile regression

th d th t i di t ib timethods the sectorvise distribution
of LWC is adjusted to the resultsof LWC is adjusted to the resultsj
from the fine scale model  from the fine scale model. 

Example: Location with considerable sheltering in sectors 8-11Example: Location with considerable sheltering in sectors 8 11
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Statistical downscaling methodsStatistical downscaling methodsg

Liquid water contentLiquid water content
 Account for unresolved terrain in Account for unresolved terrain in 

th l t  ti  ithe long term time seriesg
 By the use of quantile regression elBy the use of quantile regression

th d th t i di t ib ti demethods the sectorvise distribution

m
od

of LWC is adjusted to the results

m

of LWC is adjusted to the results m
 j

from the fine scale model  4k
m

from the fine scale model. d
4

te
d

us
t

dj
u

A
d

A

Q-Q plot

500 d l500m model
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Modelling ice accretionModelling ice accretiong

l d f bIcing intensity on rotating cylinder (reference object):Icing intensity on rotating cylinder (reference object):

dM VALWCdM  VALWC
d

 321 
dt 321dt
α1 – collision efficiency, α1=f(V,d,D)α1 collision  efficiency, α1 f(V,d,D)
α sticking efficiency α ≈ 1α2 – sticking efficiency, α2 ≈ 1 
α3 – accretion efficiency, α3= f(V,d,LWC,T,e,D,α1)3 y, 3 ( , , , , , , 1)
LWC – cloud liquid water contentLWC cloud liquid water content
A lli i di l t flA – collision area, perpendicular to flow
V – wind speedV wind speed
d droplet diameterd – droplet diameter
D – cylinder diametery
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Modeling the ice loadModeling the ice loadModel g t e ce load

 Ice load modeled from  Ice load modeled from 
WRF compared to WRF compared to 
observations from the observations from the 
420 kV power line420 kV power line

 Ice shedding not  Ice shedding not 
modeled  The ice load modeled. The ice load 
in the model is reset in the model is reset 

 ti  th  i  every time the ice y
sheds off the power sheds off the power p
lineline
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Wind tunnel testsWind tunnel tests

 Study ice accretion under Study ice accretion under 
ll d dicontrolled conditons:controlled conditons:

 Influence of surfacelue ce o su ace
roughnessroughness

 Large cylinders Large cylinders
 Low wind speeds Low wind speeds
 Conductor bundles  Conductor bundles 

 Validation and development Validation and development
of ice accretion modelsof ice accretion models
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CFD calculation of ice accretionCFD calculation of ice accretion Liquid water contentLiquid water content

 FENSAP ICEFENSAP ICE
 Revealed limitations to ISO 12494  Revealed limitations to ISO 12494 

D=30mmunder the following conditions: D=30mm
M di dunder the following conditions: Mono dipersed
di t ib ti Low wind speeds (<10m/s) distributionLow wind speeds (<10m/s)

 Large objects ( >15 cm diameter)Large objects ( 15 cm diameter)

 Under such conditions the collisionUnder such conditions the collision
ffi i i  hi hl d d  hefficiency is highly dependent on theefficiency is highly dependent on the

d l t di t ib ti tdroplet distribution spectra.p p

D=30mmD=30mm
Langmuir DLangmuir D 
distributiondistribution
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Hoar frostHoar frost

Hoar frost on conductors mayHoar frost on conductors may
cause high power losses duecause high power losses due 
to corona discharge activityto corona discharge activity

th h f t dlon the hoar frost needles.o t e oa ost eed es

E l f h f t d tExample of hoar frost on a conductorp
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Hoar frostHoar frost

 A method to identify and A method to identify and 
if h f  quantify hoar frost coronaquantify hoar frost corona

l  h  b d l dlosses has been developedp

 The example shows 3 suchThe example shows 3 such
t d i  A il 2017 events during April 2017 events during April 2017 
 420 kV lion a 420 kV line
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FRonTLINES in summaryFRonTLINES in summaryy

 3 icing test stations has been established3 icing test stations has been established

 Meteorological models have been developed Meteorological models have been developed
and improved to calculate icing in complexand improved to calculate icing in complex
t iterrain

 CFD calculations and wind tunnel experiments CFD calculations and wind tunnel experiments
have been applied to increase ourhave been applied to increase our

d t di g d t d th li it ti t  understanding and study the limitations to g y
the current ice accretion modelsthe current ice accretion models.

h d  d f d f h f   Methods to identify and quantify hoar frost y q y
corona losses from power lines have been Ål ikfj ll t t t t ticorona losses from power lines have been Ålvikfjellet test station

(Ph t Ø i d W l d St t tt F b 02 2018)developed (Photo: Øyvind Welgaard, Statnett, Feb 02 2018)developed
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Thank you for your attention!Thank you for your attention!y y

i d b kj d l i d k ikkoyvind.byrkjedal@vindteknikk.noy y j
www vindteknikk comwww.vindteknikk.com
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