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Icing calculations

Estimating production losses
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Motivation

A Using a meso-scale model to create regional wind resource
maps in Norway

A The meso-scale model also models moisture parameters. We
further utilize this to estimate icing and calculate icing on a
spatial grid to produce a map of icing conditions.
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Short description of the meso -scale model WRF
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The meso-scale refers to the time and spatial scale of the
features resolved by the model. The model resolves low -
pressure systems and fronts.

WRF 1 Weather Research and Forecasting

The model is based on the Navier-Stokes equations that
describe the atmosphere dynamics. And includes physical
description of radiation, cloud formation, precipitation, snow,
surface processes, etc.

The model is initialized by atmospheric analysis data and starts
out with a snapshot of the atmosphere.

Boundary conditions are updated every 6 hours to keep the
model on track.

Different from a CFD model: the model produces time series
and it does not converge toward an equilibrium state.
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Wind speed [m/s] at 115m
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Wind resource mapping of Nordland

A A wind resource map of Nordland was developed for The
Norwegian Water Resource and Energy Directorate (NVE).

A Results and reports are avali
WWW.NVe.Nno
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Model setup

For the Nordland simulation we
used WRF with the setup shown:

2 nested grids: 209,14
A5 km resolution outer grid
A1 km resolution inner grid.
A32 vertcal layers

6‘50/v
simulations were completed for 1
year (2005)
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A From the meso-scale model we have created regional wind
maps in Norway on a spatial scale of 1km x 1km grids.
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Regional wind maps in Norway
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Model validation

A For the wind speed and wind direction the model validates very
well with observations.

A wind speed within +/- 10% of the observed value, compared to
10m masts along the coast. The model typically validates better
for higher masts.

A The correlation between observations and model is typically
0.75-0.9 for hourly values

A For areas with complex terrain the uncertainty is some times
larger. The 1km resolution is too coarse to resolve the terrain.
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lcing calculations

A The model output not only wind fields, but also moisture fields
and temperature.

A This can be used to calculate icing.
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Calculation of icing

A We calculate icing on a standard body. 1m cylinder with
diameter 30mm:

ddl\t/l =a,a.,a, AvOAA Y

U- collision efficiency
U,- sticking efficiency
U,- accretion efficiency

w i cloud liquid water content

AT collision area, perpendicular to flow
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Accumulated mass of ice
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Calculation of icing from cloud height
observations

A If at a site the weather condition is foggy (low visibility) and the
temperature is below 0° C, in-cloud icing will occur

A Observation of cloud height is available from airports

A Expect icing to occur when the cloud height observed from the
airport is lower than the height of the site and the temperature is
below 0° C

A This method has shown good results compared to observations
of icing. (Knut Harstveit)
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Timing of icing episodes
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A The timing of icing episodes compares with the calculations
based on cloud height observations.
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A The 1km WRF topography is smoothed compared to the actual
terrain.

Vertical cross section

Snapshot of icingrate: [g/hr]
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A We do a height correction based on high resolution topography
data, 25 m topography data (N50 series):

Vertical cross section

Snapshot of icingrate: [g/hr]
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Calculation of icing

A We use the icingrate (dM/dt) calculated from the WRF model

A Use the high resolution topography to interpolate to 80m above
ground level.

A Sum up number of hours when the icingrate is higher than
10g/hr.
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