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1 Scope

Feasibility study of a floating system for extraction of wave energy

To cover the increasing demand for energy, renewable energy from the oceans is an attractive
option. Harnessing energy from the ocean waves is in many ways tempting; as the waves contain a
lot of energy, and that energy is available close to the shorelines. However, developing robust,
effective, and cost-effective devices have been found to be a great challenge.

For this project, the student has proposed a novel floating device, which contains a volume of water
which the motions of the device will make to slosh up into higher chambers inside the device. A
simple low-pressure water turbine can then be made to provide energy when the water is flowing
back down to the “sump” of the device.

The objective of the Msc. thesis is to investigate if a system as outlined above is feasible, and if it
seems to be an attractive concept — if it has the potential to produce power at a lower cost and/or
with better reliability than other known concepts.
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2 Summary

The idea of harnessing energy from the ocean waves is a seductive one, a limitless resource. But the
road from idea to success is long and has been traveled by many, the great achievements are few
and far between.

This thesis proposes a novel idea to convert ocean wave energy to electric energy. The principle is
an enclosed barge-like floating device with an internal fluid volume. The device, being moored
offshore, is excited by ocean waves which in turn excite the internal fluid, forming internal waves in
a sloshing motion. This motion together with internal ramps at each end, force the fluid upwards
where some of it overtops the ramp. The fluid, now being at a higher level than the internal mean
waterline, 1s led through a low-head hydro-power turbine, utilizing the height difference to produce
electric energy, which in turn can be exported to shore in cables. The concept benefits from its
simplicity and reliability, the only moving part is the turbine which in turn require little
maintenance. Only one mooring point is required and installation at site is as simple as towing out
and hooking up the mooring and cables.

A numerical model was set up on the basis of ocean wave data at a position offshore west of the
Norwegian shore. The results showed promise of an increase in the tanks free surface elevations at
the end of the ramps, an increase which was a small magnitude larger than the incoming waves for a
wide band of wave periods.

A model was built based on the geometrical model used in the numerical testing. Model testing was
performed in a wave basin to provide the physical data needed to get information of the non-linear
sloshing this concept relies on.

Results turned out to be dubious, but some few test data showed promise of the idea being
interesting. There is an obvious need for more testing, with greater accuracy in both the numerical
models and the physical test models.



Msc.thesis 2011, C. F. Greoner

3 Proposed concept for wave energy conversion

3.1 The concept

**tekst fra prosjektet, blant annet?

**inkludere et avsnitt om patentsek

The proposed device is of a barge-like construction, floating in the ocean at its waterline as

shown in figure 3.1, initially discussed in the authors project thesis (Grener, 2010). From the front
end exposed to the incoming waves, the device will be slack-moored to the seafloor, leaving it free
to rotate after the waves so the front end always faces the incoming waves, though strong winds
from a different direction than the waves may shift the heading of the vessel a bit. Inside the device
is an internal volume of water that will assume a sloshing motion, primarily from the pitch and
surge motions of the device in incoming ocean waves.

Inncaming waves
—

Qvertapping

Figure 3.1 : Schematics of flows in proposed device

Inside the device there are ramps, drains and an upper basin as seen on figure 3.2. The
sloshing motion of the internal water, is in the longitudinal direction of the device, and
brings the water to overtop the ramps successively at each end.

When overtopping the ramps, water enters the drains that lead to the upper basin. A
conventional low-head hydro-power turbine is situated in the shaft that leads water down
from the upper basin to the main chamber of the device. The turbine is connected to an
electrical generator on the top deck of the device. Electricity produced by the generator is
sent to the land grid through cables down the mooring line and along the seafloor to shore.
It is also possible to utilize electricity at site in a hydrogen gas production plant, if the site is
too far offshore to economically lay electrical cables to land.
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Figure 3.2 : Principle of internal arrangement of proposed device

3.2 Sloshing

Sloshing is a resonant free-surface flow in an enclosed space, partially filled with liquid.
Most of the research in the area of sloshing has been done in relation to tanks aboard
moving vessels. For ships this usually concerns ship motions in roll and sway, with internal
rectangular tanks placed in traverse. This is partially transferable to the proposed designs
motions in pitch and surge, since the design of the device is essentially a rectangular tank.
The reason for the device to be rectangular is to keep the sloshing motion as two-dimensional
as possible, avoiding internal cross-flow. This is initially to simplify the

investigation into the concept of sloshing motion in energy harvesting. In vertically
axisymmetric and square-base tanks, swirling wave motion may occur when the fluid is
subjected to horizontal harmonic excitation of frequencies close to the lowest natural
frequency (Faltinsen and Tymocha, 2009).

Sloshing occurs in all geometric tank shapes and a point to investigate further is whether a
circular tank shape with a continuous ramp 360 degrees around might be a more effective
design. A circular design would certainly provide a larger capture breadth per volume. It
could exploit energy for different wave headings without turning, thus the mooring
attachment could be centrally placed to further reduce mooring damping of the device in
pitch and surge.
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3.3 Potential

To say anything about the potential energy output of the device at this stage, one would
have to look at other devices with resembling power take-off systems, like the Wave
Dragon. This device is designed to operate at a little above 20% efficiency in relation to
wave energy density (WaveDragon, 2005).

Wave climate in the southern part of the Norwegian sea, level with Stadt, has a yearly
averaged wave energy potential of about 50 kWh/crest-meter (WEC, 2010).

If we assume 15 meters as the breadth of the device, the energy output could be in the
vicinity of: 50 kWh/m « 15 m « 20 % * 8760 h/year = 1,3 GWh/year per device.

This energy output value can only be used for indicative purposes, although the
overtopping principle of the Wave Dragon is similar to that of the proposed device, the
overtopping flow of the device is difficult to determine at this stage.

3.3.1 Conversion technology

One of the benefits of the proposed design is the use of ordinary low-head hydro-power
turbines for electricity production. These have a well proven longevity of service life, need
little maintenance and there exist well developed designs for vast ranges of use. For the
range of the proposed device there are two turbine types that single out as fitting
alternatives.
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Figure 3.3 : Range of use of common turbine types (Ossberger, 2010)



Msc.thesis 2011, C. F. Greoner

Determining turbine type is mainly done by the two parameters head and flow.
As can be seen on figure 3.3 the Ossberger cross-flow turbines and Kaplan turbines fall
into the low-head category.

There is also a question as to the rotational speed area of the turbine. The Ossbergers low
specific speed makes for a larger turbine unit and the need of a gearbox to drive a

generator efficiently. Due to the principle of the Ossberger it also has a 'lost head' of one
turbine diameter (Cruz, 2008), and keeping as much head as possible is most important
with the low heads in question. The Ossberger has an effective system of adapting the
turbine to different flows by shielding off parts of the cross-flow turbine, the Kaplan turbine
can also be implemented to cope with differences in flow by fitting it with adjustable guide
vanes and runner blades.
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4 Numerical model

To investigate how the proposed concept might work, a numerical model was set up as a forerunner
to model testing. At this stage it was considered important to keep the design as simple as possible
to make it easier to understand the working principle. Simplicity is also key to the concept, so the
barge-like shape was kept, with some changes to the bow and stern, as it was meant to be the basis
for model testing.

Due to the non-linear nature of sloshing, an exact numerical model would have to involve
computational fluid dynamics to model the internal volume with coupling to the hull movements.
This was considered to be too complex and labor-intensive as the means for investigating the
concept at this still early stage. In discussions with Professor Odd M. Faltinsen it was therefore
deemed that a linear method would be sufficient to determine the first sloshing modes as a basis for
further investigation.

Carving out the dimensions proved to be quite a juggle between parameters. Several iterative
rounds were performed to get the right compromise between performance in waves, structural
weight, internal volume, internal free surface elevation and others.

Since the device needs to be designed and tuned according to the wave climate where it is placed, a
location offshore off the west-coast of Norway was chosen. This area has several offshore oil-
platforms which have had wave-monitoring equipment installed for many years, being a good
source for wave-data. The 'eKlima' portal online (MET, 2011) give access to the climate database of
the Norwegian Meteorological Institute, which include wave-data from platforms. The Troll A
platform was chosen for its extensive records.

The Troll A total frequency distribution of wave height and period for the most recent eight years
(with 84% data coverage) is included in appendix 9.2 and show an average wave height of 2,5m and
average wave period of 9,3s (standard deviation 1,4 and 2,5 respectively).

At this stage it was believed that maximizing the pitch motion of the vessel would be the most
effective way to trigger sloshing behavior.

As seen on figure 4.1 a large portion of the waves have periods at 7,1s — 8,0s, a great deal below the
average 9,3s. To be sure that the vessel would pick up on the shorter periods, the waterline was
chosen to be about half a wavelength of a 7,5s wave (A~88m). And the bow and stern were given a
45 degree angle to smooth out the vessels wave response.
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Figure 4.1 : Troll A, accumulated relative wave periods, year 2002-2010 (MET, 2011)

The depth-to-breadth ratio of a tank indicate the sloshing behavior of fluid in the tank (Faltinsen and
Tymocha, 2009) and this was used for initial dimensioning of the tanks of the vessel.

A formula, based on linear potential theory, for the highest natural sloshing period for rectangular
tanks is shown in (Faltinsen and Tymocha, 2009), the formula is shown below in F 4.1 and further
exemplified in figure 4.2:

T,=

FA4.1

gmntanh (KTh)/l
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Figure 4.2 First-mode natural sloshing period for a two-dimensional rectangular tank vs. the tank
breadth. The critical depth-to-breadth ratio is also indicated (Faltinsen and Tymocha, 2009)

In appendix 9.1 this is expanded and detailed to include an inner tank length of around 40 meters,
which at around eight meters tank depth produce a first-mode natural sloshing period, for the fluid
in the tank, between nine and ten seconds, right at the sweet-spot of the average wave period.

4.1 Geometrical model

The geometrical model for the analysis was drawn out in the CAD and marine design program
Multisurf 7 from AeroHydro Inc. (aerohydro.com), because of its ability to produce geometry that
can be directly interpreted (Lee et al., 2002) by the wave interaction analysis program WAMIT from
WAMIT Inc. (wamit.com)

The Multisurf program is based on relational geometry and enables users to interactively define
geometric surfaces accurately, the surfaces are in turn divided or collected in parametric patches
according to the smoothness and continuance of the surfaces, and the patches then joined robustly
by different techniques (Lee et al., 2002).

None of the chutes or drains were included in the numerical geometrical model as this would have
added to much uncertainty and complexity. Water, from overtopping, flowing through the chutes
and drains would also be sloshing back and forth and would probably have an effect on the vessel
motions, but the amount of water and the position of the larger volumes

**bilde av modell I multisurf
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4.2 Analysis

The numerical analysis was performed in WAMIT because of its ability to compute coupled
motions between a hull in waves and free surfaces in internal tanks (Newman, 2005)

10
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5 Model testing

To further investigate the behavior of the vessel in waves and the wave run-up over the ramps and
to verify the numerical model, there was a need to perform model testing. The model was built on
the basis of the numerical model geometrical shape 'civpi8h' mentioned previously **se til bilde og

app.
The data to be obtained from the model testing was:

* position tracking to produce Response Amplitude Operators (RAO)
* internal wave run-up on the ramps

* water-flow from possible overtopping over the ramps

» general behavior of the vessel in waves

5.1 The model

Scaling the model was a compromise between wanting it as large as possible for observations and
keeping it small enough to minimize the impact of wave reflections from the walls of the wave-
basin, there was also a need to keep it small enough to be manageable to build. In discussions with
Professor Sverre Steen it was decided that a width of about half a meter would be suitable. This
resulted in a scale of 1:36. Scaling was done according to scaling laws in (Aarsnes, 2008).

Figure 5.1 : Model in the basin, about 9m water filling

11
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The model was built by the author, in a temporary workshop in the authors cellar storeroom, for
lack of better facilities. This meant that although the model was built to the highest possible
accuracy according to the geometrical model, under the circumstances it was not possible to make it
completely exact. The main outer and inner dimensions are relatively precise, but it proved to be
difficult to make the curvature of the ramps as uniform as wanted. It was also quite difficult to get
the inner tanks, chutes and drains completely watertight, mainly because the large amount of water
in the tanks tended to press the ramps a bit out of position causing the seals to split slightly, letting
water into the structure. This was remedied by filling the cavities between the ramp substructures,
under the ramps, with expanding foam insulation which added to the support of the ramps. All this
also meant that the structures weight distribution did not end up as uniform as wanted, but the main
faults in weight distribution would still be from the not quite uniform distribution of water in the
tanks due to slightly skewed ramp curvature.

The hull of the model and substructures for the ramps was built up using 15mm foliated plywood
sheets cut to shape, and joined with screws and waterproof jointing paste. All inner walls, ramps
and chutes was made of 0,7 mm steel sheets cut to shape and joined by sheet-steel screws and more
waterproof jointing paste. Sheet steel bending was done to produce chutes and overlapping ramp
ends.

For visibility the model was coated in bright yellow. Several waterlines were marked in black for
both inner and outer waterlines for visual confirmation. The run-up on the ramps was to be visually
observed by digital video-camera so several run-up heights towards the top of the ramps were also
marked in black.

Outer waterlines marked: 8 m (22 cm model scale), with grades both up and down.

Inner waterlines marked, with reference to full scale:
* 7 m (model scale 19,4 cm)
* 8 m design water filling (model scale 22 cm)
* 9 m (model scale 25 cm)

Run-up heights marked: 0 — 15 cm from top of the edge of the ramps. The angle of the ramps in the
area of -15 cm to 0 is about 52 degrees.

Water-flow from possible overtopping was to be measured by two flow-meters, one for each
internal tank. The flow-meters were mounted inline in drainpipes from the two center chutes, each
pipe leading down to respective tanks. On figure 5.2 the area for the intake of the drainpipes can be
seen as the red colored part of the middle of the chutes, the cable connecting the flow-meters to the
totalizer/counter is exiting in between the two intakes.

Flow-meter set-up:

*  Flow-meter: Gems Sensors FT-110 series 173940, flow range 2-30 1/min
* Totalizer: Kiibler Codix 923 Electronic Preset Counter
* Armored cable connecting the flow-meters and the totalizer

The dry weight of the model was measured to a waterline of 8cm from the bottom, giving a weight

12
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of: 0,8dm * (7,5+0,8)dm * 6,1dm * 1,00kg/dm’= 40,5 kg.

Model 1:36 Full size
Overall length 1,50 m 54 m
Overall breadth and waterline breadth 0,61 m 22m
Waterline length 1,19m 43 m
Design draught (with 8m tank filling) 0,22 m 8 m
Tank inner waterline length 1,14 m 41 m
Tank breadth (one tank) 0,25m 9m
Tank design filling depth 0,22 m & m
Total tank volume at design filling depth |95 liters 4417 m?
Submerged volume at design draught 132 liters 6160 m’
Design dry weight 37 kg 1743 tonnes
Measured dry weight 40,5 kg -

Table 1 : Model design dimensions

Figure 5.2 : Detail of the model, about 7m water filling

13
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5.2 Test set-up

Model testing was performed in the Marine Cybernetics Laboratory (MCLab), a small wave basin
operated by the Department of Marine Technology at NTNU.

Length 40 m
Breadth 6,45 m
Depth I,5m
Typical scaling ratios [=50-150
Typical ship model lengths I-3m

Table 2 : MCLab data (NTNU, 2011)

The lab is equipped with a real-time positioning system (NTNU, 2011) from Qualisys Motion
Capture Systems AB (qualisys.com) and this was used to track the vessel under different wave
conditions. Motion capture data was recorded with the Qualisys Track Manager software (QTM)
which internally computes vessel motions in six degrees of freedom (6DOF), and this was later
exported to Matlab files. The whole motion capture system had been calibrated by the lab staff.

A single paddle wave maker is installed in the basin, to generates waves computed by the wave
synthesizer.

Paddle width 6 m

Active Wave Absorption Control System AWACS 2

DHI Wave Synthesizer Regular and irregular waves
Regular waves H<025,T=03-3s
Irregular waves Hs<0.15m, T=0.6-15s
Stroke length on actuator 590 mm

Speed limit 1,2 m/s

Table 3 : Wave maker data (NTNU, 2011)

The model was moored to a single point, a heavy iron weight, on the basin bottom as can be seen in
figure 15. A thin low-elastic string combined with a soft spring, made up the mooring line. The
spring was used to smooth out the mooring forces and so mimic a longer slack mooring. Coming up
to the model the mooring was attached to the model with a crowfoot, this was done to minimize the
models tendency to oscillate from side to side, as was experienced in the pre-tests.

14
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Figure 5.3 : First mooring arrangement

A second mooring arrangement was also tested. This was done to try to shift the vessel motion,
reducing the pitch and increasing the surge. In this set-up the mooring line was considerably shorter

and the line angle steeper as can be seen in figure 5.4. The line was also pre-tensioned, using the
same soft spring as in the first mooring.

15



Msc.thesis 2011, C. F. Groner

Figure 5.4 : Second mooring arrangement

16
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6 Model test results and analysis

Some of the position data series captured with QTM were initially not complete enough to compute
6DOF data. To remedy this the 'bone length tolerance' was increased to 17mm for the QTM
software to be able to compute corrupt series (Qualisys AB, 2010) . This could somewhat decrease
the accuracy of those data series.

The pitch and heave test RAOs for the design tank filling depth of 8m seem to be relatively
coherent with the numerical results, as seen on figure 6.1 and 6.3. The surge test RAOs on the other
hand had a somewhat different progression than the numerical, for the lower wave periods. A
reduction rather than the numerical results increase, as seen on figure 6.2.

RAQ in pitch, 8m filling

= Model test
--Numerical

RAO

6 7 8 9 10 11 12 13 14

Wave period T [s]

Figure 6.1 : RAO in pitch, 8m filling

17
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Figure 6.2 : RAO in surge, 8m filling

Figure 6.3 : RAO in heave, 8m filling

18



Msc.thesis 2011, C. F. Greoner

Looking at the model test RAOs for tank filling of 7m, show much of the same results as for 8m
filling, figure 6.4 and 6.5. But a much clearer picture of a peak at periods around 7 seconds,
somewhat corresponding with the peak in free surface elevation seen on figure 6.7.

RAQ in surge, 7m filling

2,5

- Model test

1.5 --Numerical

RAO

0,5

6 7 8 9 10 11 12 13 14
Wave period T [s]

Figure 6.4 : RAO in surge, 7m filling
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RAQO in pitch, 7m filling

= Model test
=~ Numerical

RAO
N oW A OO N ®

6 7 8 9 10 11 12 13 14

Wave period T [s]

Figure 6.5 : RAO in pitch, 7m filling

The free surface elevation from the tests diverges to a large extent from the numerical results, as
seen in figure 6.6 and 6.7. The elevation is given as a magnitude (Mod) of the amplitude of
incoming waves.

Some of the discrepancies may be due to the numerical results being calculated for a freely floating
vessel, while the model testing included a mooring arrangement. Differences in achieved weight for

the model in comparison to the weights used in the numerical model, may also have a say in the
much lower elevations experienced in the model testing.

20
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Free surface elevation, 8m filling

1,4
1,2

0,8 = Numerical
0,6 ~-Model test

Mod

0,4
0,2

6 7 8 9 10 11 12 13 14
Wave period T [s]

Figure 6.6 : Free surface elevation, 8m filling
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Figure 6.7 : Free surface elevation, 7m filling

21



Msc.thesis 2011, C. F. Greoner

When comparing the surge and pitch RAOs with the surface elevations for the design tank filling
level of 8m, it is still possible to recognize that some of the peaks in the free surface elevation are
related to peaks in surge and pitch.

At periods around 6,5s, 7,5s and 9,5s this is evident, but defining which of surge or pitch motion
have the more impact is difficult.

Model test RAOs in surge and pitch against surface elevation, 8m filling

4,5

3,5

2,5 & surge
= pitch
Surface elevation

RAO and Mod

1,5

0,5

6 7 8 9 10 11 12 13 14

Wave period T [s]

Figure 6.8 : Model test RAOs in surge and pitch against free surface elevation, 8m filling
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7 Conclusions

The somewhat large incoherence between numerical results and model test results make it difficult
to be categorical about the feasibility of the concept. One has to accept that the non-linear nature of
sloshing demand an accuracy in the numerical and test models which is difficult to achieve.

There were examples of semi-strong non-linear sloshing responses at some of the periods and tank
fillings tested, but not nearly as many or as powerful as expected. Those strong responses that were
seen were marked by the fact that they took some time to manifest themselves and overcome the
initial forcing given when starting a test. This time would sometimes overshoot the time-period of
around 60s that was used to record position data, that was set to avoid wave reflections from the
basin.

The conclusion must be that the results from this round of model testing was dubious and proved

such a system is complex and difficult to tune, but some results show promise to the idea still being
interesting. More numerical and model testing is needed.
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8 Recommendations for further studies

A) Sloshing
1. Establish ideal internal design to maximize sloshing
2. Find possible overtopping flows
3. Check performance for frequency ranges
B) Turbine
1. Determine ideal turbine type and dimension according to flow.
2. Investigate how exposing the turbine/shaft/generator system to pitching motion
affects performance and service life.
3. Check how oscillating back-pressure, from internal wave motion, in the downshaft
from the upper-basin affects the turbine.
4. Look into different designs of how to place the down-shaft, preferably out-of-way
of the internal wave motion.
5. Look into modularizing the turbine/shaft/generator system into one unit for ease of
installation and maintenance/replacement.
C) Design
1. Look into if rectangular form is ideal or perhaps circular is better
2. Optimize submerged hull for pitch and surge
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9 Appendices
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9.1 Appendix: First-mode natural sloshing period

o
O NS, WN=O

hwwwwwgwwwwnnnnnnnNNN—x-‘_‘_\_‘_\_‘_\_;_‘
O ©W o0 ~NO O, WN =20 0WCONDDEWN=20OWONOONEWN=O O

h
0,5 1

2

3

4

5

6

7

9 10 1 12 13

14

15

17

18

19

20

08 08
1,18 1,13
198 1,67

0,8
1,13
1,6

0,8
1,13
1,6

0,8
1,13
1,6

0,8
1,13
1,6

0,8
1,13
1,6

0,8
1,13
1,6

0,8
1,13
1.9

08 08 08 08 08
1,13 1,13 1,13 1,13 1,13
16 16 16 16 16

0,8
1,13
1,6

0,8
1,13
1,6

0,8
1,13
1,6

0,8
1,13
1,6

0,8
1,13
1,6

08
1,13
1,6

0,8
1,13
1,6

283 222
37 28
459 3,39

1,99
2,36
2,74

1,96
2,28
2,59

1,96
2,27
2,55

1,96
2,26
2,54

1,96
2,26
2,53

1,96
2,26
2,53

1,99
2,29
2,53

196 19 19 19 1,96
226 226 226 226 226
253 253 253 253 253

1,96
2,26
2,53

1,96
2,26
2,53

1,96
2,26
2,53

1,96
2,26
2,53

1,96
2,26
2,53

1,96
2,26
2,53

1,96
2,26
2,53

5,48 4
6,37 4,62
7271 524

3,14
3,54
3,95

2,89
32
3,52

2,81
3,08
3,34

2,79
3,03
3,26

2,78
3,01
3,23

2,77
3
321

2,77]
3
3,21

2,77 277 2,77 2,77 2,77
3 29 29 29 299
32 32 32 32 32

2,77
2,99
32

2,77
2,99
32

2,77
2,99
32

2,77
2,99
32

2,77
2,99
32

2,77
2,99
32

2,77
2,99
32

8,17 5,86
9,07 6,49
997 712

4,37
4,8
522

3,84
4,17
45

3,61
3,88
4,16

35
3,74
3,98

345
3,66
3,88

3,42
3,62
3,82

341
3,9
3,79

34 34 34 34 34
359 359 358 358 3,58
378 377 376 376 376

34
3,58
3,76

34
3,58
3,75

34
3,58
3,75

34
3,58
3,75

34
3,58
3,75

34
3,58
3,75

34
3,58
3,75

10,87 7,75
11,77 8,38
12,67 9,01

5,66
6,09
6,53

4,84
5,18
5,53

4,44
472
5,01

422
4,46
471

4,09
4,31
4,53

4,02
422
4,42

3,99
4,17)
4,39

39 39 393 393 393
413 411 41 409 4,09
431 428 427 425 425

3,92
4,09
4,24

3,92
4,08
4,24

3,92
4,08
4,24

3,92
4,08
4,24

3,92
4,08
4,24

3,92
4,08
4,24

3,92
4,08
4,24

13,57 9,65
14,47 10,28
15,37 10,92

6,97
7.4
7,85

5,87
6,22
6,57

53
5,59
5,89

4,96
521
547

4,75
4,98
521

4,62
4,83
5,03

4,54
4,73
4,92

449 445 443 441 44
466 462 459 457 455
484 478 475 472 47

44
455
4,69

4,39
4,54
4,68

439
4,54
4,68

4,39
4,53
4,68

4,39
4,53
4,67

4,38
4,53
4,67

4,38
4,53
4,67

16,28 11,55
17,18 12,19
18,08 12,82

8,29
8,73
9,18

6,93
7,28
7,64

6,18
6,48
6,78

573
5,99
6,25

543
5,67
59

5,24
5,45
5,66

511
53
5,49

501 49 491 48 485
519 512 506 503 5
537 529 52 518 515

4,84
4,98
512

4,83
4,97
511

4,82
4,96
5,09

4,81
4,95
5,09

4,81
4,95
5,08

4,81
4,94
5,07

481
4,94
5,07

18,98 13,46
19,88 14,1
20,79 14,73

9,62
10,07
10,51

7,99
8,35
8,71

7,08
7,39
7,69

6,51
6,78
7,05

6,13
6,37
6,61

5,87
6,08
6,3

5,69
5,89
6,08

556 545 538 533 529
573 562 554 548 544
591 579 57 564 559

527
541
5,556

5,25
5,38
5,52

523
5,36
55

5,22
5,35
5,48

5,21
5,34
5,47

5,2
5,33
5,46

52
5,33
5,45

21,69 15,37
22,59 16,01
23,49 16,64

10,96
11,41
11,85

9,07
9,43
9,79

8
8,31
8,61

7,31
7,58
7,85

6,85
7,09
7,33

6,52
6,73
6,95

6,28
6,49
6,69

61 597 587 579 573
628 6,14 6,03 59 588
647 631 619 61 6,03

5,69
5,83
5,97

5,66
579
5,93

5,63
5,76
5,89

5,61
574
5,87

5,59
572
5,85

5,58
571
5,83

5,57
57
5,82

24,4 17,28
253 17,92
26,2 18,55

12,3
12,75
13,2

10,15
10,51
10,88

8,92
9,23
9,54

8,12
8,4
8,67

7,57
7,82
8,06

717
74
7,62

6,89
7,08
7,29

666 649 635 625 6,17
684 666 652 641 632
703 68 669 657 647

6,11
6,25
6,4

6,06
6,2
6,34

6,02
6,16
6,29

5,99
6,12
6,25

5,97
6,1
6,22

5,95
6,07
6,2

5,94
6,06
6,18

27,1 19,19
28,01 19,83
2891 20,47

13,64
14,09
14,54

11,24
11,6
11,97

9,85
10,16
10,47

8,94
9,22
9,49

8,31
8,55
8,8

7,84
8,07
8,29

7,49
7.7
7,91

722 7,02 68 672 662
742 719 7,02 68 6,77
761 737 719 704 692

6,54
6,68
6,83

6,47
6,61
6,75

6,42
6,55
6,69

6,38
6,51
6,63

6,34
6,47
6,59

6,32
6,44
6,56

6,29
6,41
6,53

29,81 211
30,71 21,74
31,62 22,38

14,99
15,44
15,89

12,33
12,69
13,06

10,79
11
11,41

9,77
10,04
10,32

9,05
9,3
9,55

8,52
8,74
8,97

8,11
8,37
8,53

78 75 736 72 707
8 7,74 753 736 723
819 79 77 752 17738

6,97
7,12
7,26

6,89
7,03
717

6,82
6,95
7,09

6,76
6,89
7,02

6,72
6,84
6,97

6,68
6,8
6,92

6,65
6,77
6,88

32,52 23,02
33,42 23,65
34,33 24,29

16,34
16,79
17,24

13,42

11,72

10,6

13,79 12,04 10,88
14,15 12,35 11,15

9,8
10,05
10,3

9,2
9,43
9,66

8,74
8,99
9,17]

839 81 787 769 7,53
858 828 804 785 7,69
878 847 822 801 784

741
7,56
77

7,31
7,45
7,59

7,22
7,36
7,49

7,15
7,28
741

7,09
7,22
7,34

7,04
7,16
7,29

7
7,12
7,24

35,23 24,93
36,13 25,57

17,69
8,13

14,52 12,66 11,43

488 1298 1171

9,89
0,12

9,39
9,59

898 865 839 818 8
917 884 857 834 816

7,85
8

7,73
7,87

7,63
7.76

7,54
7,67

7,47
7,59

741
7,53

7,36
7,47

'

37,03 26,21

8,58

mmmmmmgmmmmhhhhhthk
O ©W O NO O, WN-=-20 O©o~NO O, W N

37,94 26,84
38,84 27,48
39,74 28,12

9,03
19,48
19,93

5,61

13,61

525 13,29 11,99

0,35

12,27

15,98 13,92 12,55
16,34 14,24 12,83

11,56
11,81

0,58
10,81
11,05

10,024
10,23
10,49

9,81| 937 903 874 851 831

8,15

8,02

7.9

7.8

7,72

7,65

957 921 892 867 847
977 94 909 884 863
997 95 927 901 879

8,3
8,45
8,6

8,16
83
8,45

8,04
8,18
8,31

7,94
8,07
8.2

7,85
7,98
811

7,78
7.9
8,02

7.59

7,7
7,83
7,95

40,65 28,76
41,55 294
42,45 30,03

20,38
20,83
21,28

16,71

14,55

13,11

17,08 14,87 13,39
17,44 15,18 13,67

12,07
12,32
12,57

11,28
11,51
11,74

10,69
10,89
11,1

10,17 978 945 918 895
10,38 996 963 934 911
10,58 1015 98 951 927

8,76
8,91
9,06

8,59
8,74
8,88

8,45
8,59
8,73

8,34
8,47
8,6

8,23
8,36
8,49

8,15
8,27
84

8,07
8,19
8,31

43,35 30,67
44,26 31,31
45,16 31,95

21,73
22,19
22,64

17,81
18,18

15,5
15,81

13,95
14,23

18,54 16,13 14,51

12,83
13,08
13,34

11,98
12,21
12,45

11,31
11,53
11,79

10,78 10,34 9,98 9,68 943
10,98 10,53 10,16 9,85 9,59
11,18 10,72 10,34 10,02 9,75

9,21
9,37
9,52

9,03
9,18
9,33

8,87
9,02
9,16

8,74
8,88
9,01

8,62
8,75
8,88

8,52
8,65
8,78

8,44
8,56
8,68

46,06 32,59
46,97 33,22
47,87 33,86

23,09
23,54
23,99

18,91

16,45

14,79

19,28 16,76 15,07
19,64 17,08 1535

13,59
13,85
141

12,68
12,91
13,15

11,99
12,18
12,4

11,39 10,92 10,52 10,19 9,92
11,59 11,11 10,7 10,37 10,08
1,79 11,3 10,88 10,54 10,24

9,68
9,83
9,99

9,47
9,62
9,77

93
9,44
9,58

9,15
9,28
9,42

9,02
9,15
9,28

8,9
9,03
9,16

8,8
8,93
9,05

48,77 34,5
49,67 3514
50,58 35,78

24,44
24,89
25,34

20,01
20,38
20,74

17,4
17,7
18,03

15,64
15,92
16,2

14,36
14,61
14,87

13,38
13,62
13,86

12,62
12,84
13,09

12 11,49 11,07 10,71 10,41
122 11,68 11,25 10,88 10,57
1241 11,87 11,43 11,05 10,73

10,15
10,3
10,46

9,92
10,07
10,22

9,73
9,87
10,02

9,56
9,7
9,84

9,41
9,55
9,68

9,28
9,41
9,54

9,17
9,3
9,42

51,48 36,42
52,38 37,05
53,29 37,69

25,79
26,24
26,69

21,11

18,35

16,48

21,48 18,66 16,76
21,84 18,98 17,05

15,13
15,38
15,64

14,09
14,33
14,56

13,27
13,49
13,71

12,61 12,07 11,61 11,23 10,9
12,82 12,26 11,79 11,4 11,06
13,02 12,45 11,98 11,57 11,23

10,62
10,77
10,93

10,37
10,52
10,67

10,16
10,3
10,45

9,97
10,11
10,25

9,81
9,95
10,08

9,67
9,8
9,93

9,55
9,67
9,8

54,19 38,33

27,14

22,21

19,3

17,33

15,89

14,8

13,93

13,23 12,65 12,16 11,75 11,39

11,09

10,83

10,6

10,39

10,22

10,06

9,92

26



Msc.thesis 2011, C. F. Groner

MET eKlima data

ix

9.2 Append

%3 “j2peieq _
ool e
w| =pA”yy26]"ya |_ m_mmo?__ zmumaamo:_ _S_u_ﬁm 0009'08 | 821 8667 uel v T104L| 12652 e [ e
124u3 uneN @_ n:m._?u_mwz_ ECTLE _w==EE3__ peabapbua| peabappaag| you|m wup 1| ey yup 1| vaey | ams e moom_mo.iu___.ﬂ_U _._”.D _ Po— _
d3juuB|3 Jauolsels
_m,m _v; _ “AEIS _
|e5 |cz | Ppow |
ol e1ep-3 }je10} 6o SINSpauzyw JAJUaWRD 0} AR HUIPIPIOJSUINYDIY aea | a1 |own|pmsaes|
PasHEIS
| | | | |ze |ze _;_No_mo_f_md_mﬁ_:_:_mﬂ_mH_LL: |1 |o1 |#1 _Eo; |z |0 _vo_\_\_\_\_\_gg
z1 e 0z |e 51 oe |1e |0 LL; ve |oe |ez me o1 e 1 m_l_l_l_l_EE
0'007|0'007| 666 6'65| 6'66| 6'66| 8'65| 8'66| /66| 5'65 2’65 mhmmg 0'es |0'za|2'as 128 1'se |o'st|o’z |z'1|10 \_\_\_\_ E
| _ | 0*oor | |oo |10 |00 |o'0 |o'0 |o%0 |o%0 |00 |70 |e0 |0 |9 _EE 09 |8 |z1r|ea _m:l o'cr |rir|es [r1|1'0 |_|_|_|_UE
ssnss(sz [or [o1r |2 |zt |1z |#1 |21 |ee1|ze1 etz |20 Egvmmm sbsg|sTts Nmnjﬁmvmd 1154| szae mmnw_\_\_\_\_ wng
I — EENENE
S 2
N
A A 1
I I I I N 2
N I N N [
S [ o O O 3 A I B I M 2
r1 |ver oot |zo |on e |g |e1 |er |8 sz |z |s a's| 18
et |vzr |ees g0 |res 1 |1 ez |ez sz |s8 |eit s |2 | | 1T T [oe| w2
S o 2 B O 0 P O O I B I M ET R
o1 |vm |oes |ee |esez 8 |oz |ev |ec |est |=ze |zev |1ss |sis |24t |ez o's| T
61 ¥ |e'es |g'a  |ssec T |e |e1 |52 |zz |98 |evs |3z |s0s |oes |coor|ever |vzs |oze |ee 1T T [os| v
zz |6 |ves |eer |ozzon] [t | | | g |8 v |og v |1 |wwr _MHA% |ve8 |ze11|8222 _gmht |se |vv | _H_H_H_H_H_ o'v| T
vz |6 |63 |ewz |oozer|e [ [t |1 |t |z |1 |z |sz |z |zc |99z |osz |18z |o16 |0szi|e1s1| 9z |arvz|scae |s161|zzr |12 o'e| 1T
gz |er |ver |z |tesozlr |11 |z |z |¢ ot v |ze |sz |sv |z1z|sie |evw | o6 |zvvi|veat|teoe |sogz|zeve |zose|erze|bvels | | | | |oz| Tt
&'z |zv1 |evr |vees |er ez |z | |8 |3 |¥ |z |es |ez |e2 |az _@ﬂ sve |oce |szs |ecer _@mmf _SE_aw:_Em_W_H_H_l_l_EE
B A I I I M W M CO B
dL | a | | _ | 0%z | a'oz | o'cz| o've| 0'er] 0'cz] 0'1z) 0'0z| 0'6T| 0'BT| 0'cT| 0'0T| 0'eT| 0'vT| 0'ET| 0'zx| 0'TE| o0t | 0'6 | 0’8 | o'z | 00 | 0's|0'y|0'g[0z|0'Tj0%] | omH |
| ¥'sz | ¥'vz| v'ee| vez| v're| voz| vow| HaT| vaw| Ton| ver| Ter | TEr | ver| ver| vor| t'e | ¥'B| ¥ | t'e| vs | ve| v T T Toj=> at| |

"AE"35| PPPIW| 4y winy| 4y Ry| wns |

He3o3 - J2wn 2biebualb)y 2y

OTOT'ZT TE - ZOOZ TO"TO "HENIH2A OWH 60 Jejuosuoy 4] 40§ sauolsensasqo Ae (|[ejuE) suaaxadd TE69L

27



Msc.thesis 2011, C. F. Greoner

9.3 Appendix: on file

Appendices to be found enclosed on file:

Wamit input files and output files, position data, visual observation data, Multisurf geometry file.
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