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Introduction

The E39 is a 1100 km highway route
that connects Kristiansand to Trondheim
(Figure 1). The E39 connects some of
the largest Norwegian cities such as

Halsafjorden

Julsundet . :

SN TRONDHE

g

"‘ e
Sulafiorden PYRERV) SR
e 5

L Vartdalsfijorden . = T
Kristiansand, =~ Stavanger, Bergen, TG [ A i
Alesund, Molde and Trondheim. Horcfjordan s == il s
The. purpose of Ferjefri E§9 project is to Sognefjorden & I'_j;: 'i.
design a ferry-free highway route. :
Analysis of wind conditions and wind )
flow characteristics are essential for pgigmagiorden * | ) e
bridge design. The present study Langenuen /.0 = =
investigates monthly variability of the -_5_: AL L
wind shear in Sulafiorden (Figure 1), % e o
which is one of the Norwegian fjord that . A

E39 crosses. The analysis is based on ]
one year of wind measurements, but the P O

results are illustrated for one month _, et
Figure 1. E39 highway route
chosen per season.

(Source: vegvesen.no)

Theory and Results

The wind profile power law equations is :

Zr

where U and U_are the wind speeds (m/s) at height z and z_(m) respectively. The
wind shear or power law exponent (a) is a dimensionless coefficient that describes
the wind shear and is widely used for wind energy applications [2]. The a exponent is
depending on atmospheric stability [3], [4]. For neutral conditions, a is approximately
0.14 onshore. For offshore conditions, it is suggested that a equals to 0.11 is a good
approximation [5].

For this study, wind measurements at heights 445 m and 92.5 m (period:
01.2017-12.2017) from the met mast at Kvitneset (Figure 2) has been used. The met
mast is located at the northwest fjord entrance. Southwest of the met mast, there are
mountains with heights of 627 m and 570 m.

Figure 3 illustrates the wind shear exponent as a function of wind direction at 92.5 m
for a reference height of 44.5 m for one month per season in 2017. The different color
indicates the different wind speed levels.

Figure 4 shows the wind shear exponent as a function of wind speed at 92.5 m for a
reference height of 44.5 m for one month per season in 2017. The black color
indicates wind directions from 150 to 200 degrees and the blue color wind directions
from 250 to 300 degrees.

Location of Measurements
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Figure 2. Location of met mast (orange pointer) in Sulafjorden

(Source: Kartverket)
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Figure 3. Wind shear exponent as function of wind direction for January 2017 (Top left), March
2017 (Top right), July 2017 (Bottom left) and October (Bottom right) in Sulafjorden
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Figure 4. Wind shear exponent as function of wind speed for January 2017 (Top left), March
2017 (Top right), July 2017 (Bottom left) and October (Bottom right) in Sulafjorden for 150 to

200 and 250 to 300 degree in wind direction

Conclusions
The results for Sulafjorden show:

e The strongest winds were mainly observed from southeast and northwest.

e For moderate to high wind speed, the wind shear coefficient tends to decrease
to values lower than 0.11 (suggested for offshore conditions).

e For low wind conditions, high absolute values of wind shear coefficient are
observed.

e The month of June shows the highest value of wind shear coefficient. The
maximum value is 2.51 while the minimum value 0.09 in November.

e The monthly rms value of wind shear fluctuates between 0.09 in November to
0.29 in June, which shows the limitation of using the value of 0.14 onshore and
0.11 ofshore for design purposes.

Acknowledgments

This study is a part of the Ferjefri E39 [1], subproject Fjord Crossing financed by

the Norwegian Public Roads Administration (NPRA).

=

Statens vegvesen

Norwegian Public Roads
Administration

References
1.

https://www.vegvesen.no/Vegprosjekter/ferjefriE39

Christakos K. Characterization of the coastal marine atmospheric boundary layer (MABL) for wind energy applications, Master Thesis,

University of Bergen, 2013, URI: http./hdl.handle.net/1956/7186.

3. J.S. Touma. Dependence of the wind profile power law on stability for various locations. Air Pollution Control Association, 27:863-866, 1977.
4. J. Counihan. Adiabatic atmospheric boundary layers: A review and analysis of data from the period 1880-1972. Atmospheric Environment, 79:871-905, 1975.
5. S.A. Hsu, E.A. Meindl, and D.B. Gilhousen. Determining the power-law wind profile exponent under near-neutral stability conditions at sea. Appl. Meteor., 79:

757-765, 1994.

ONTNU

Norwegian University of
Science and Technology



http://hdl.handle.net/1956/7186

