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flow direction. Implying that a time averaged simulation may not give accurate results.

Velocity calculations were in general higher than the experimental values at the inside
of the skirt, while they were underestimated at position 1 and 5, which were located
outside of the skirt. In position 5, irregular flow pattern is expected. Correct results in a
time averaged simulation will therefore be difficult to obtain.

In general, the simulation showed good results when compared with experimental
values. CFD seems to be a good method in order to predict the flow distribution in and
around a skirt. However, good knowledge about the deformation pattern of the skirt must
be obtained. This thesis uses therefore both AquaSim and Ansys Fluid together to obtain
the final results.
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3.3.4 Estimated effect of PermaSkirt, based on CFD analysis

As seen from figure 3.23, water approaching the skirt will be pushed down and under the
skirt, causing rotation of the water inside the skirt. If the incoming current, carrying lice,
travels inside the skirt after being pushed under, lice would be able to enter the volume
limited by the skirt.

In order to investigate this problem, ten CFD computations was initiated and number
of streamlines entering the skirt was counted in the post processing of each file.

Figure 3.26: Isometric view of the streamlines used for calculating the number of particles
entering the volume limited by the skirt. For this case, 2/1000 of the streamlines projected
from the plane in front of the skirt were circulated inside the skirts volume.

Figure 3.26 shows how the counting was performed. In the post processing, a plane
with a depth of 1m and a width of 4m was placed 0.5 meters in front of the foremost
panel. From this plane, 1000 streamlines were projected and the number of streamlines
entering inside the skirt was counted. As this was a time averaged simulation, pathlines,
streamlines and streaklines would match.

The ten different simulations showed that 0.39% of the streamlines projected from the
plane went into the volume limited by the skirt. By assuming full streamline penetration
through a regular net cage, it is clearly seen how effective the use of Permaskirt may be.
However, [Naes et al., 2012] investigated the reduction on lice in full scale. Results from
that experiment showed that Permaskirt reduced the number of lice with a factor of 4.
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Based on CFD results, this factor should be larger. However, the skirt in the full scale
experiment was not completely watertight in order to assure sufficient oxygen level in the
net cage and reduce the forces on the structure. This effect was not investigated in the
project, but it is a mentioned error source that should be taken into account.

When looking at figure 3.26, it is observed that a large number of pathlines are pushed
down and under the skirt. For a net cage in operating condition, these pathlines would run
through the net cage, causing lice to attach to the fish at a deeper depth than normally
experienced. The density of lice in the surrounding environment around the net cage
and how easy they attach to the fish will also be of importance, but this has not been
investigated in this thesis. Increase in current velocity below the skirt is observed, this
may decrease the number of lice attaching to the fish, since the lice will spend a shorter
time inside the net cage.

In full scale operation condition, the waves will also be of concern when calculating
the effect of Permaskirt. For a skirt with the upper edge at the free surface, waves may
go over the skirt, causing lice to enter the volume of the net cage protected by the skirt.
This effect has not been investigated by this thesis, but an increase in skirt height over
the free surface will probably be a good solution.

A possible solution to reduce the number of water particles entering inside the skirt
would be to increase the depth of the skirt. This would lead more of the flow from the
upper layers, containing lice, to go around the skirt instead of being pushed under it.
However, a larger skirt would increase the forces on the structure and probably reduce
the oxygen level inside the net cage, which could harm both the structure and the fish.
In order to decrease the forces on the structure and assure sufficient oxygen level for a
deeper skirt, a skirt that is not completely watertight may be used. [Naes et al., 2012] had
a skirt with 0.35mm mask width, which was probably too large for full blocking effect
against the lice. However, the measured oxygen inside the net was satisfying, implying
that the mask width may be reduced without compromising the fish welfare.

CFD calculations with non deformed skirt showed that more streamlines were traveling
around the skirt, instead of going underneath. This is because the deformed skirt creates
an inclined wall at the foremost part, causing the water to travel this path instead of being
pushed around the skirt. Based on these observations, Permaskirt should be mounted with
sufficient weights in order to reduce deformation. As seen from previous calculation in
AquaSim, reduced deformation of the net will increase the drag force on the structure.
This would lead to a greater demand in proper calculation methods before installation in
order to prevent structural failure.
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3.3.5 Increased depth

The tank in Hirtshals had a depth of 2.7m, which gives a full scale depth (A = 17) of
45.9m. In order to see how the depth of the tank influenced the flow distribution, a CFD
analysis with 5.4m tank depth was performed.

The flow distribution, presented as pathlines in the vertical plane is shown in figure
3.27. Some reduction in current velocities, compared with figure 3.23 is observed.

Figure 3.27: Flow distribution, displayed as path lines with a tank depth of 5.4m. Color
bar shows the velocity in m/s.

Figure 3.28 shows a plot for the current velocity as a function of depth for the same
test conditions as used in the experiment. As seen from figure 3.23, there will be negative
current velocities inside the skirt due to rotation of water.

The velocity distribution at the center of skirt is marked as the blue line in figure 3.28.
At the free surface the velocity is —0.0533m/s. Further down, the flow velocity in positive
direction will increase and exceed the undisturbed current velocity. Maximum velocity
is 0.12m/s at 1.1m below the free surface, which is a 20% increase compared with the
undisturbed current velocity.
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5 meters in front of the skirt, the undisturbed current travels at a velocity of 0.1m/s,

only affected by friction against the tank bottom.

Behind the skirt, displayed as red line, there is still a reduction in velocity in the upper
part of the tank, and an increase in velocity in the middle of the tank. For fish farms with
many net cages behind each other, this reduced velocity should therefore be accounted

for.

Current velocity as a function of water depth
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Figure 3.28: Current velocity as a function of depth. The velocity distribution is presented
5 meters in front of the skirt, 5 meters behind the skirt and at the center.
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Current velocity as a function of water depth with increased depth
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Figure 3.29: Current velocity as a function of depth with increased water depth. The
velocity distribution is presented 5 meters in front of the skirt, 5 meters behind the skirt
and at the center.

Results for the case with increased tank depth, is shown in figure 3.29. At the free
surface, in the center of the skirt, there is a very small difference of only 0.003m/s when
comparing the two tank depths, where the case with tank depth of 2.7m gives the highest
velocity. This trend is seen for most of the velocity distribution at the center of the skirt.

The biggest difference is found for the velocity distribution 5 meters behind the skirt.
Here, the free surface velocity is increased from 0.054m /s to 0,08m /s when the tank depth
is doubled, giving it an increase of 48%. For several net cages, fitted with Permaskirt and
placed behind each other, sea depth should be taken into account when calculating forces
on succeeding net cages.

3.4 Error sources

In this thesis, different calculation methods have been compared with experimental mea-
surements. Since most of the calculation methods have some assumptions, it is difficult
to reproduce accurate data compared with experimental data. In this chapter, the error
sources that are assumed to give larges deviation are discussed.
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3.4.1 Deformation measurement

Using simulation tools, such as AquaSim and FhSim, in order to reproduce results ob-
tained from experiments, showed in general overestimation for deformation values com-
pared with experimental data.

A possible reason for the deviation at the fore part could be due to interaction effect
between skirt and net, which were not accounted for. Pictures from the exeriment in
Hirtshals [Lien and Volent, 2012] showed that the fore part of the skirt was pushed
against the net cage. This will give friction forces, which reduces the deformation of the
skirt. The calculated deformation will therefore be determined by the mass of the weights
attached to the skirt.

Deformation at the aft position of the skirt was in general also overestimated. One of
the reasons for the overestimation is that the elements in this area are exposed to a larger
current velocity compared with the experiment. The method used for calculating current
velocity on succeeding nets has been explained previously and it has been shown that it
does not give precise results for high solidity nets, such as a Permaskirt. The aft part of
the skirt will therefore experience an overestimated current velocity, which increases the
deformation.

Figure 3.30: Isometric view of the skirt deformation in AquaSim.

The deformation in both AquaSim and FhSim was measured by taking the average of
three nodes fore and aft of the skirt. Figure 3.30 shows the skirt deformation calculated
by AquaSim for U = 0.2m/s.

Due to the deformation pattern caused by the weights attached to the skirt, the choice
of nodes used for measurement will affect the deformation values. For this thesis and the
modelling in AquaSim, the weights, or ropes, connecting the skirt with the sinker tube
had connection points at the foremost and rearmost node. By selecting these nodes as
the center of the three nodes used for measuring deformation, minimal deformation values
would be measured.

This method was the same as used for the calculation in FhSim, while in the exper-
iment the deformation was measured by using a camera. Different measuring methods
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may therefore be an uncertainty in the compared results.

The skirt used in the experiment was made up by two skirt parts overlapping each other
in order to make a full skirt. This meant that the fore and aft skirt could move independent
of each other. In AquaSim, the skirt was modelled as one unit where deformation at the
fore part would affect the aft part and vice versa.

3.4.2 CFD modelling

The deformed shape of the skirt used in CFD calculations was based on the deformation
pattern calculated in Aquasim with Sn = 0.6. AquaSim was used since it was possible to
extract three dimensional coordinates for each node, which could be imported into Ansys.

Due to difficult geometry, Ansys could not create surface between all node values.
Therefore, the geometry had to be simplified and the curved net deformation between
weights at the fore side of the skirt (fig. 3.30), had to be neglected.

By neglecting these deformations at the fore side of the skirt, the flow pattern will
change. How much this would effect the simulated flow distribution has not been inves-
tigated in this thesis.



Chapter 4

Conclusion

This chapter concludes the thesis by a summary of the main findings. In addition, there
are several aspects that should be considered for further work.

4.1 Conclusion

A Permaskirt fitted to a net cage will increase both forces and deformations on the
structure. For this thesis, the simulation tool AquaSim, made by Aquastructures, has
been used to investigate these effects. Results have been compared with results from
experiment and the simulation tool FhSim. There has also been proposed a solution,
with varying solidity of the skirt, to increase the accuracy of AquaSim simulations.

Initial calculations in Aquasim, with a skirt solidity of 1, showed that Aquasim highly
overestimates both drag force and skirt deformation. As the skirt solidity was reduced,
more accurate results, compared with experimental values, were obtained. The main
reason for overestimation is due to the load formulation used in AquaSim, which is based
on nets with a lower solidity.

Two different setups were investigated, one with skirt only and one with full net cage
representing operating condition.

Reduction of skirt solidity gave reduction in both drag force and deformation. With a
solidity between 0.6 and 0.7, good results were obtained with regard to both drag force and
deformations. For capacity validation through analysis, a solidity of 0.8 would therefore
be recommended, as conservative results are obtained.

In order to investigate the problem further, pressure distribution around the skirt was
found with different methods and compared with AquaSim. Based on this distribution
and deformation values, a skirt with varying solidity was modelled in AquaSim. The
solidity was varied between 0.5 and 1.1, with an averaged solidity of 0.74. Simulated

o8
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results coincided good compared with experimental values.

In order to find pressure and flow distribution, CFD analysis was performed. Two
different skirt models were tested, one without deformation and one with deformation.

Compliance between CFD analysis and experimental values were good, indicating that
CFD analysis may be used to investigate the flow distribution around a net cage fitted with
Permaskirt. However, good understanding of deformation pattern needs to be obtained.
Combining simulation tools, such as Aquasim and Ansys Fluid or other similar programs,
will therefore be preferable in order to obtain useful results.

Results obtained from CFD analysis showed that the incoming current was directed
around and under the deformed skirt. Only a small part of the water entered inside the
skirts volume.

Velocity distribution on the free surface showed that a maximum velocity of 1.36m/s
is obtained at the sides of the skirt, where # = 90deg, giving a velocity increase of 36%.
In the vertical plane, maximum current velocity was found at the center of the skirt, 1.1
meters below the free surface and gave a 20% increase to the free current velocity.

Based on results from the simulations, mounting a skirt around a net cage could be an
effective method in order to reduce spreading of lice. However, more information about
the water particles passing under the skirt, and the risk of lice attaching to the fish at
larger depth, should be obtained.

4.2 Recommendations for further work

Fish farming and methods to reduce the population of lice are increasing in popularity.
Further work should therefore be performed in order to obtain more information and
solutions to reduce lice in fish farming. In the following it is suggested several recommen-
dations for further work:

e In order to improve the simulation results, load formulation for high solidity skirts
should be developed together with methods taking into account contact between
nets, and the occurring friction force.

e In order to get correct CFD results in full configuration, the effects of the net cage
should also be included. For this thesis, only the effects of the skirt were investigated.

e Regarding CFD analysis in full scale, the effects of tank walls should be neglected by
applying proper boundary conditions. In this thesis, only the effects of tank bottom
depth were studied. It is observed that the skirt will influence the ambient flow.
For a fish farm with many net cages fitted with Permaskirt close to each other, the
effects of Permaskirt on the flow distribution should be investigated further.
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Appendix A

Simulation results

Drag force [N]
Full configuration AquaSim
Current velocity [m/s] |Experiment |FhSim Sn=1 Sn=09 Sn=08
0,05 7,848 14,1 23,37 22,32 20,757
0,1 19,42 35 51,52 41,39 31,295
0,15 33,05 58 69,91 55,415 40,854
0,2 42,86 77,5 91,77 61,545 48,291
Current velocity [m/s] [Sn=0,7 Sn=06
0,05 14,61 8,89
0,1 23 18,46
0,15 33,55 28,61
0,2 43,57 38,59
Skirt only
Current velocity [m/s] |Experiment |FhSim Sn=1 Sn=09 Sn=08
0,05 3,8259 12,00 20 19,2 17,5
0,1 10,0062 27,00 34 42,4 27,7
0,15 19,3257 43,00 50 46,36 36,5
0,2 26,8794 55,00 65 52,4 43,1
Current velocity [m/s] [Sn=0,7 Sn=06
0,05 11,9 6,9
0,1 17,4 11,8
0,15 25 19,7
0,2 31,25 26,3

Figure A.1: Results from drag force [N] simulation in AquaSim, presented as numbers.
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Deformation frant [%]

Full configuration AguaSim
Current velocity [m/s] |Experiment |FhSim Sn=1 Sn=0,9 Sn=0,8
0,05 9,1 28,37 27,29 24,60 12,91
0,1 42,1 58,68 60,98 58,71 50,61
0,15 61,4 75,48 77,10 75,78 68,84
0,2 83,5 79,96 84,64 84,34 78,69
Current velocity [m/s] [Sn=0,7 Sn=0,6
0,05 11,83 2,53
0,1 48,43 32,97
0,15 70,75 59,90
0,2 81,02 73,70
Skirt anly
Current velocity [m/s] |Experiment [FhSim Sn=09 Sn=0,8 Sn=0,7
0,05 9,1 28,37 50 45,33 48,34
0,1 42,1 58,68 77,61 74,14 72,87
0,15 61,4 75,48 88,45 86,12 82,65
0,2 83,5 79,06 93,66 91,34 87,94
Current velocity [m/s] [Sn=0,6
0,05 33,22
0,1 61,99
0,15 74,55
0,2 81,41

depth.

Figure A.2: Results from deformation simulation at the fore side of the skirt, presented
as percent of initial skirt
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Deformation aft [%]

Full configuration AquaSim
Current velocity [m/s] |Experiment [FhSim Sn=1 Sn=0,9 Sn=0_8
0,05 0,8 25,62 16,66 14,51 9,31
0,1 0,8 55,92 83,30 79,49 26,83
0,15 11,8 74,1 92,87 88,55 53,32
0,2 33,9 79,34 96,83 94,43 73,46
Current velocity [m/s] |Sn=0,7 s5n=0,6
0,05 5,23 0,36
0,1 5,61 4,61
0,15 27,01 23,82
0,2 56,27 51,63
Skirt only
Current velocity [m/s] |Experiment |FhSim Sn=09 Sn=0,8 Sn=0,7
0,05 0,83 25,62 25,74 20,39 12,81
0,1 0,83 55,92 95,38 26,92 0,03
0,15 11,85 74,10 94,56 48,46 0,08
0,2 33,88 79,34 97,22 62,27 0,51
Current velocity [m/s] |Sn=0,6
0,05 8,08
0,1 0,28
0,15 3,20
0,2 12,82

Figure A.3: Results from deformation simulation at the fore side of the skirt, presented
as percent of initial skirt depth.
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Drag force [N]

Net cage without Permaskirt

Current velocity [m/s] |Experiment |FhSim AquaSim
0,05 4,21 3,5 3,9
0,1 12,06 12 13,1
0,15 21,77 22 24,9
0,2 31,39 36 39,4

Figure A.4: Drag force values for net cage only. The net cage had a solidity of 0.21.



