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A B S T R A C T

This study investigates particle dynamics around a towed circular cylinder near a wall. The flow field obtained
from a numerical model based on the Reynolds-Average Navier–Stokes equations is utilized to estimate the
particle trajectories computed using a Lagrangian approach. The simulated flow resembles a towed fishing gear
and the particles which represent sea stars, muscles, and sediments are seeded at the seabed. The ejection of
particles from the seabed is related to the upward flow induced by lee-wake vortex shedding. The effect of the
gap between the cylinder and the seabed is investigated, where an increased distance leads to fewer ejected
particles and distinct trajectories. Furthermore, for the same relative distance to the seabed, a larger diameter
cylinder, and hence a different relative initial position and Reynolds number, leads to fewer ejected particles.
The optimal position of the fishing net of a towed fishing gear relative to the cylinder is investigated based
on the trajectories.
1. Introduction

The hydrodynamics around a circular cylinder near a wall has
been investigated in great detail both experimentally and numerically
(e.g. Sumer and Fredsoe (2006), Bearman and Zdravkovich (1978),
Hourigan et al. (2013), Ong et al. (2010)) due to the many engineering
applications such as marine pipelines. Flow characteristics such as the
velocity field and vortex shedding have been seen to be dependent on
the gap between the wall and the cylinder 𝑒 henceforth referred to
as clearance. The dynamics of particles close to the cylinder and in
the wake are important for many applications such as scour predic-
tions (Zhao and Cheng, 2008) or for the selective and environmental
performance of towed fishing gears.

Demersal towed fishing gears are multi-species fishing gears that
exploit species that live close to or on the seabed and are responsible
for approximately 25% of global landings of wild capture fish (Perez
Roda et al. 2019). There are many designs and sizes, and one of the
most commonly used types is the beam trawl, which consists of a
circular cylinder/beam that is used to keep the net open, and which
is towed across the seabed behind a fishing vessel. There are, however,
concerns about the environmental impact on the seabed and the capture
of unwanted bycatch species. Many gears have been developed and
modified to improve the selectivity and decrease the impact on the
seabed (e.g. Bromhall et al. (2022), Kennelly and Broadhurst (2021)),
nevertheless, the fishing industry still faces the challenge of improving
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the selectivity of the fishing gear and reducing the impact on the
seabed.

The hydrodynamics around the beam in the fishing gear potentially
affect the catch efficiency of the fishing gear, since some demersal
species may be influenced by the flow. The sea star fishery is an
example of a fishery where the hydrodynamics are expected to play
an important role. Sea stars have a density close to water (Burgaard
et al., 2023b), hence they are expected to be easily affected by their
surrounding hydrodynamics. Furthermore, towed fishing gear leads to
the suspension of particles (O’Neill and Summerbell, 2016), and sea
stars are expected (at least to a first approximation) to respond like
particles since they lie on the seabed and have very little swimming
capacity.

Sea stars are major predators of molluscs and benthic invertebrates
and can cause considerable impact on both natural populations of
shellfish and cultivated beds. The common sea star (Asterias rubens)
ranges from Senegal to Norway in northwestern Europe (Budd, 2022)
and poses a large threat to the fishery of species such as blue mussels
(Mytilus edulis) and scallops (Pecten maximus) (Dare, 1982; Calderwood
et al., 2015; Magneson and Redmond, 2012). Several methods for pro-
tecting mussels from sea stars have been attempted, including trawling,
hand-picking, and mopping (Barkhouse et al., 2007). Trawling for sea
stars originated as a method to protect the shellfish, but harvested
sea stars are now exploited as a source of protein. The sea stars are
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Fig. 1. Fishing gear used in the sea star fishery.
processed into protein powder and used as a supplement for animal
feed. For processing the catch of sea stars has to be clean without
significant mussel bycatch.

Fig. 1 shows a beam trawl commonly utilized in the sea star fishery.
The beam trawl consists of a beam at a fixed position above the seabed.
A fishing net is supported by the beam where a fishing line and a
headline constitute the mouth of the fishing net and are attached to the
beam. The fishing line is positioned at the ground and keeps the fishing
net near the seabed while the headline is at the top of the net. Buoys are
attached to the headline to keep the net open vertically. The position of
the fishing line and the headline have to be positioned correctly relative
to the beam for the catch efficiency of the fishing gear to be optimal. To
position the fishing line and the headline in the most optimal position,
the hydrodynamical effect, and hence the particle trajectories have to
be known.

The trajectories of suspended particles have been investigated previ-
ously around a circular cylinder (e.g. Yao et al. (2009)) and a cylinder
near a wall (Ong et al., 2012). The studies showed that the settling
velocity of the particles and vortex shedding are very important for
the trajectories and that the paths are a complex interaction between
particle weight and distance to the wall.

The present study investigates numerically how the hydrodynamics
around a towed cylinder near a wall affects particles close to the wall.
The velocity field is determined and the dynamics of particles with
initial position close to the wall are investigated using a Lagrangian
approach. The weight of the particles is taken into account by including
the settling velocity of the particles. The effect of the clearance on
the particle trajectories is examined as well as the significance of the
Reynolds number. The trajectories are utilized to estimate the optimal
position of the fishing line and the headline of the fishing gear used in
the sea star fishery to increase the catch efficiency.

2. Materials and methods

2.1. Flow-field simulation

The numerical simulations were based on two-dimensional unsteady
incompressible Reynolds-Averaged Navier–Stokes (RANS) equations,
with the 𝑘-𝜔 turbulence model of Wilcox (2006) utilized for closure, as
implemented (and made available) by Li et al. (2022). The numerical
simulations were performed in OpenFOAM to obtain the velocity field
and post-processing was performed in Matlab to obtain particle trajec-
tories. The simulations are a two-dimensional version of the simulation
in Burgaard et al. (2023a) which was validated from experimental data.
The simulations were run on a high performance computing cluster
where the CPU time was approximately 1 h on 16 processors for the
OpenFOAM simulations.
2

A circular cylinder near a moving wall is simulated in a cross-flow
as presented in the definition sketch in Fig. 2. Two cylinder diameters,
𝑑 = 0.08 m and 0.16 m, will be used in the investigation. A coordinate
system with 𝑥 in the horizontal and 𝑧 in the vertical direction is
adopted. The origin of the coordinate system is in the center of the
cylinder. An additional vertical axis 𝜉 is also introduced with origin at
the wall. The clearance is varied between 0.5 ≤ 𝑒∕𝑑 ≤ 1. The parameters
in the simulation have been chosen according to the sea star fishery
practice.

The boundaries of the numerical domain are far from the cylinder
to eliminate far-field effects and span at least 10𝑑 on the vertical axis,
10𝑑 upstream, and 25𝑑 downstream of the cylinder. A structured grid
was utilized in the simulations with a resolution of 120 cells in the
circumference of the cylinder and decreasing resolution away from the
cylinder except at the seabed. A close-up of the utilized mesh is shown
in Fig. 3. A uniform mean velocity profile is implemented at the left
inlet with 𝑈0 = 1 m∕s and the lower wall has velocity 𝑈0 as well hence
no boundary layer forms at this wall since the bottom moves at the
same velocity as the upstream flow, the same conditions as if the fluid
and seabed were still and the cylinder was towed with 𝑈0 are obtained
as would be the case for a towed fishing gear. A slip boundary condition
is utilized for the upper boundary, a zero gradient at the right, and a
no-slip at the surface of the cylinder (𝑢 = 𝑤 = 0), and the turbulent
kinetic energy was set to 𝜕𝑘∕𝜕𝑛 = 0 (Fuhrman et al., 2010).

2.2. Particle trajectories

A Lagrangian approach is utilized to estimate the location of the
particles in the flow around the cylinder. The particles are assumed
to have a settling velocity 𝑤𝑠 and no volume. Interactions between
the particles and the flow are not taken into account, hence a one-
way coupling is utilized in this study. The settling velocity of the
particles is based on the settling velocity of sea stars as determined
in Burgaard et al. (2023b). Here, the settling velocity was determined
to be a function of the arm length of the sea star in the range 0.08 ≤
𝑤𝑠 ≤ 0.22 m∕s but for simplicity and since the size of the particles is
not considered, a value of 𝑤𝑠 = 0.1 m∕s is used, hence 𝑤𝑠∕𝑈0 = 0.1.
Interaction between the particles is not considered in the present study.

Based on these assumptions, a simplified method can be used to
determine the trajectory of the particles

𝑥(𝑛+1)𝑝 = 𝑥(𝑛)𝑝 + 𝑢(𝑛)𝑝 𝛥𝑡 (2.1)

𝑧(𝑛+1)𝑝 = 𝑧(𝑛)𝑝 + (𝑤(𝑛)
𝑝 −𝑤𝑠)𝛥𝑡 (2.2)

where 𝑥𝑝 is the 𝑥-coordinate of the particle, and 𝑧𝑝 the 𝑧-coordinate.
The superscript indicates the discrete time level and 𝛥𝑡 is the time
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Fig. 2. Definition sketch for flow around circular cylinder close to a plane wall. Wall and uniform flow has the velocity 𝑈0.
Fig. 3. Close-up of mesh around the cylinder.

step. The velocities 𝑢𝑝, and 𝑤𝑝 are the velocities of the particle in the
two directions. The velocities are determined from the velocity field
obtained from the CFD model as described in Section 2.1 and they
are dependent on the position of the particle in the flow. The particle
velocities are extracted from the flow field at each time step.

The particles in the model are intended to loosely represent sea
stars lying on the seabed. Therefore, the initial vertical position of
the particles 𝜉0 is estimated from half the thickness of the sea stars
determined by Burgaard et al. (2023b). The initial horizontal positions
are determined from the characteristic length of a vortex shedding cycle
(𝑈0∕𝑓𝑣 = 𝑑∕𝑆𝑡) where 50 particles equidistantly cover a cycle. Here
𝑓𝑣 is the vortex shedding frequency and 𝑆𝑡 = 𝑓𝑣𝑑∕𝑈0 is the Strouhal
number. A lower vertical limit given by 𝜉0 is implemented such that
the particles cannot move below the seabed. The particles will have
the horizontal velocity 𝑢𝑝 = 𝑈0 such that the particles remain at the
seabed unless ejected into the water column.
3

3. Results and discussion

3.1. Particle paths

The trajectories of the particles and their movement is related to
the formation and shedding of vortices on the downstream side of the
cylinder. Fig. 4 shows the formation of vortices on either side of the
cylinder and a corresponding schematic diagram of the flow directions.
Vortices are shed in an alternating manner from the upper and lower
side of the cylinder. A vortex formed at the lower side of the cylinder
will cause an upward flow near the bed, point A in Fig. 4(a), which
will be supported by an upward flow from the vortex shed from the
upper side beforehand. The upward flow will potentially cause ejection
of particles. A vortex formed at the upper side of the cylinder will cause
a downward flow, point B in Fig. 4(b), which will not cause ejection of
particles. The particles are transported by the vortex they are ejected
by and will effectively move in curved paths aligning with the induced
velocities of the vortex. The paths will be investigated in the following
based on the velocity components in the vortices.

The position of the particles is visualized over two vortex shedding
cycles in Fig. 5 for the small cylinder with 𝑒∕𝑑 = 0.5. The velocity
field has been divided into the mean horizontal (left) and mean vertical
(right) velocity component in the figure where the mean horizontal and
vertical velocity components can be explained from the vortices, based
on the schematic diagrams in Fig. 4. From Fig. 5b and d, it is seen
that the particles are ejected from the seabed when the particles are
in a zone with positive mean vertical velocity (E1) while they stay at
the lower limit in a zone with negative mean vertical velocity (E2).
The upward flow in E1 corresponds to point A in Fig. 4(a) while E2
corresponds to point B in Fig. 4(b).

The ejected particles continue to rise (Fig. 5f and h) as long as
they are in a zone with positive mean vertical velocities if the mean
Fig. 4. Sketch of vortex shedding from the cylinder including schematic diagram of flow directions.
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Fig. 5. Particle paths over two vortex shedding cycles. 𝑑 = 0.08m and 𝑒∕𝑑 = 0.5. Left: mean horizontal velocity component. Right: mean vertical velocity component. E1: Ejection.
E2: No ejection. E3: Small mean vertical velocity. E4: High mean vertical velocity. E5: Vertical line of particles. E6: Mean horizontal velocity close to 𝑈0. E7: High mean horizontal
velocity. E8: Low mean horizontal velocity. E9: Particles further downstream. E10: Particles further upstream. E11: Gap between particles. E12: Half-circle of particles. E13: Particles
from half-circles spread out to zones with positive and negative mean vertical velocity. E14: Particles settling. E15: Large mean horizontal velocity. E16: Ejection. E17: Particles
raise for the second time.
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velocities are larger than the settling velocity. The vertical motion is
lowest at the edges of the zone (E3) and fastest in the middle of the
zone (E4). This leads to a temporary vertical line of particles as seen in
Fig. 5h (E5) where an accumulation of particles occurs above and below
the center of the zone with positive mean vertical velocities. Compared
to Fig. 4(a), this is between the two vortices where an upward motion
is occurring.

While the particles are moving upward in the vertical direction,
they are also moving further downstream. The particles have a positive
mean horizontal velocity (Fig. 5c, e, and f) which is close to 𝑈0 (E6).
The lowest positioned particles in the vertical line (Fig. 5g) will be in
a zone with higher mean horizontal velocities close to the seabed (E7)
due to the velocities in the vortex formed at the lower side. The highest
positioned particles will, on the other hand, be in a zone with zero
or slightly negative mean horizontal velocities (E8) corresponding to
the upper part of the same vortex which causes a flow in the opposite
direction of the incoming flow.

The particles that initially formed a vertical line (Fig. 5g and h, E5),
now become horizontally separated (Fig. 5i and j), where the lower
particles have moved further downstream (E9) than the upper ones
(E10). This effect has increased even further in Fig. 5k and l where a
large gap (E11) is seen between the two groups of particles. In the upper
group, some of the particles have a large mean horizontal velocity and
also have a positive mean vertical velocity while some have a close to
zero mean horizontal and vertical velocity. The horizontal velocity of
the particles depends on which vortex the particles are transported by.
The upward flow ejecting the particles is present between two vortices
as seen in Fig. 4(a), where the particles will be transported either up- or
downstream depending on the vortex they are transported by. This will
cause the particles to spread out, which forms a half circle (Fig. 5k and
l, E12). The particles are spread out even further and will be in several
velocity zones (Fig. 5m and n, E13). Some of the particles will now
have obtained a negative mean vertical velocity causing them to flow
downward (Fig. 5p, E14) whereafter their mean horizontal velocity is
increased (E15). Some are still being ejected from the seabed (Fig. 5o,
E16) while others have obtained a downward motion whereafter they
will be transported horizontally. They will then be lifted by the upward
moving fluid (E17), and their cycle continued. The vortices will fade
and the energy dissipate as they move downstream while they also
deform due to the proximity of the wall. The settling velocity of the
particles and the reduced velocities in the vortices eventually cause the
particles to fall out of the vortices. In Fig. 5i and j, the shedding of the
next vortex has begun ejecting particles from the seabed and the process
is repeated.

The trajectories of the particles are dependent on the vortices.
Therefore, the particles are initially positioned equidistantly and cover
a distance comparable to the characteristic length of the vortex shed-
ding cycle. This allows the determination of the probability of a particle
being at a location in the wake of the cylinder. To this end the wake is
divided into bins. The proportion of particles passing through each bin
during a cycle is determined where each particle can only be counted
once in each bin. By determining the proportion of particles in each
bin the probability of finding a particle downstream of the cylinder
can be visualized and hence the optimal position of the fishing net is
determined. Fig. 6a shows the result of performing this analysis on the
particle trajectories visualized in Fig. 5.

3.2. Effect of gap ratio

Five gap ratios in the interval 0.5 ≤ 𝑒∕𝑑 ≤ 1 are selected to study
the effect of the gap ratio on the particle paths. The particles were
seen to be dependent on the vortex shedding cycle, and especially
on the positive mean vertical velocity ejecting the particles from the
seabed and into the water column. The vortex shedding and wake
are dependent on the gap ratio and hence are expected to affect the
predicted trajectories. Fig. 6 presents the proportion of particles in a
5

Fig. 6. Proportion of particles in a location based on the particle paths downstream
of the cylinder. The clearance is varied between 𝑒∕𝑑 = 0.5–1.

location downstream of the cylinder. The proportions of particles are
determined from 10 vortex shedding cycles and a 𝑥-𝜉-coordinate system
is utilized to ease comparison between the gap ratios.

The particles are not ejected from the seabed before being down-
stream of the cylinder since the positive mean vertical velocities from
the shedding on the lower side of the cylinder are required. A large
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Fig. 7. Proportion of particles in a location based on the particle paths downstream of cylinders with different diameters.
proportion of the particles are ejected for 𝑒∕𝑑 = 0.5 with only a
few remaining at the seabed. The ejection occurs gradually but with
a majority of the ejections around 𝑥∕𝑑 = 1. The sea stars must be
ejected before they can be caught in the net. Sea trials in the sea star
fishery were conducted by Burgaard et al. (2023c), where an increase
in clearance caused fewer sea stars to be caught. This is similar to the
findings in the present study where fewer sea stars are ejected with a
larger clearance.

The ejection of particles is seen from Fig. 6 to occur at a distance
of 𝑥∕𝑑 = 1 from the origin for 𝑒∕𝑑 = 0.5 and increases to 𝑥∕𝑑 = 4
for 𝑒∕𝑑 = 1. Not only does the distance from the cylinder increase
but the number of particles ejected reduces gradually as the clearance
increases. Only a small proportion are ejected for 𝑒∕𝑑 = 1 leading to
only a faint contour away from the seabed while the contour at the
seabed is very distinct. The reduced number of particles ejected with
increasing clearance is due to the velocity field. The positive mean
vertical velocities from Fig. 5 were shown to occur in circular zones.
Decreasing the clearance causes the vortex shedding to occur closer to
the seabed. The area where the positive mean vertical velocities are
large enough to overcome the settling velocity will increase leading to
increased particle ejection. Furthermore, the mean velocities are larger
causing the path of the particles to be different.

The trajectories in Fig. 6 are noticeably different depending on the
clearance. The contour for 𝑒∕𝑑 = 0.5 is based on many distinctive paths
and the particles are most likely moving up and down with the vortex
shedding. This leads to a half-circle shape closest to the cylinder. Some
of the paths approach 𝜉∕𝑑 = 3 for 𝑥∕𝑑 = 10 while other particles are
close to settling. A similar tendency is seen for 𝑒∕𝑑 = 0.625 but here
the paths approaching 𝜉∕𝑑 = 3 are not present and the first half-circle
has a larger diameter. The diameter of the half-circle is increased even
further for 𝑒∕𝑑 = 0.75 and the upper contour line approaching 𝜉∕𝑑 = 3
is present again. For 𝑒∕𝑑 = 0.875, the half-circle has become flatter,
suggesting that the particles follow the upper boundary of the wake
before they start to settle around 𝑥∕𝑑 = 8. Not enough particles are
ejected for 𝑒∕𝑑 = 1 to indicate the trajectories. For 0.5 ≤ 𝑒∕𝑑 ≤ 0.875,
it is common that the majority of the particles have not settled within
𝑥∕𝑑 = 10.

3.3. Effect of diameter

Fig. 7 shows the proportion of particles in a location downstream
of cylinders with 𝑒∕𝑑 = 0.5 and 𝑑 = 0.08 m and 0.16 m, respectively.
Fig. 7(a) is similar to the one in Fig. 6 but is shown here together with
Fig. 7(b) to ease comparison. From Sumer and Fredsoe (2006) it is
known that the induced mean velocities at the seabed are similar in
the two cases, however, the two contours are distinct. The differences
in the trajectories are effectively caused by the difference in the ratio of
the initial position and the diameter 𝜉0∕𝑑. Recall that the thickness of
the sea stars was used to estimate 𝜉0 and hence have to remain the given
value while the diameter can be altered. The Reynolds number given
6

by 𝑅𝑒 = 𝑈0𝑑∕𝜈 is also different where 𝜈 = 10−6 m2/s is the kinematic
viscosity. A large diameter cylinder causes the majority of the ejected
particles to be lifted at 𝑥∕𝑑 ≈ 1.5 which is slightly higher than for the
small cylinder. More noticeable, the number of particles being ejected
for the large cylinder is significantly smaller than for the small cylinder.
This is similar to the findings in the sea star fishery (Burgaard et al.,
2023c) where a larger beam caused fewer sea stars to be caught for the
same relative clearance. The shapes of the paths are similar for the two
cylinders but the half circle of the large cylinder has a larger relative
diameter, hence the shape of the contour is somewhat similar to that
obtained for 𝑒∕𝑑 = 0.625 in Fig. 6.

3.4. Position of fishing net

The position of the fishing net in the sea star trawl can be chosen
based on the estimates of the particle locations. In the fishery, the
aim is to increase the efficiency of the fishing gear, hence catching
as many sea stars as possible. From Fig. 6, it was shown that for the
majority of the ejected particles, the ejection occurred before 𝑥∕𝑑 = 4
for all the investigated clearances. The position of the fishing line has
to be at a 𝑥-position after particle ejection for the particles to enter the
fishing net. The particles do not settle within 𝑥∕𝑑 = 10 so there is no
upper limit to the position of the fishing line within the investigated
interval. However, some of the particles are close to settling and a net
position of 𝑥∕𝑑 < 10 is recommended. The position of the headline
has to be selected such that the particles are not raised above the
headline and escape before entering the net. The maximal position
the particles reach is 𝜉∕𝑑 = 3 for all clearances, hence the particles
will not escape if the headline is at 𝜉∕𝑑 > 3 for all 𝑥-positions. A
lower position of the headline can be selected if the horizontal position
is close to the cylinder where the particles are still being ejected.
The same recommendations are given for the large cylinder given the
contours in Fig. 7. The fishing net will most likely have a limited effect
on the trajectories of the sea stars if the headline is above the particle
paths and the fishing line is positioned more than 𝑥∕𝑑 = 4 downstream
of the beam, where ejection has occurred. The net will be surrounding,
but not interfering with, the trajectories.

The sea stars were, as a first approximation, modeled as particles
without taking their volume or interaction with the flow into account,
hence the particles were affected by the mean flow and the settling
velocity. The Stokes number 𝑆𝑡𝑘, which describes the particle response
time compared to the characteristic flow time, is in reality 𝑆𝑡𝑘 ≫ 1.
According to the study by Benavides and van Wachem (2008) a 𝑆𝑡𝑘 ≫ 1
indicates that the effect of the eddies on the path of the particle is
reduced. However, due to the similar tendencies obtained in the actual
practice of the sea star fishery (Burgaard et al., 2023c), the simplified
model can be used to give a first estimate of the particle paths.

The settling velocity in the model was estimated from the settling
velocity of sea stars. Not only sea stars but also mussels and cockles
among others are affected by the hydrodynamics and possibly be
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ejected when the fishing gear is towed. A similar analysis could be con-
ducted utilizing the settling velocity of shellfish. The settling velocity
has a large influence on the particle paths (e.g. Fredsoe and Deigaard
(1992), Ong et al. (2012)), and hence the ejection and trajectories are
expected to be different. If the location of both the shellfish and sea
stars is known, the position of especially the fishing line can be strate-
gically positioned to avoid the shellfish while catching the sea stars and
thereby increase the selectivity of the fishing gear. Furthermore, the
model can be utilized to optimize the clearance and size of the cylinder
to obtain the optimal hydrodynamical conditions.

Finally, it should be noted that comparison with data is required
to validate the model and a firm conclusion on the results given. The
results appear to be physically proper and show similar tendencies as
in Burgaard et al. (2023c). The results give insight into some of the
features regarding the ejection of particles from the seabed around a
circular cylinder near a moving wall.

4. Conclusions

The velocity field around a circular cylinder near a moving wall,
resembling a towed fishing gear, has been determined from a RANS
model and utilized to investigate particle dynamics. The initial position
of the particles was close to the wall. The particles were seen to be
ejected from the seabed when positive mean vertical velocity occurred
near the seabed due to vortex shedding. The particle paths were seen to
be affected by the mean horizontal and vertical velocities in the vortex
shedding.

The trajectories are affected by the clearance, the distance between
the seabed and the cylinder, where an increased clearance leads to
significantly fewer particles ejected from the seabed. Almost none of the
particles are ejected for 𝑒∕𝑑 = 1 while a large proportion is ejected for
𝑒∕𝑑 = 0.5. Furthermore, the particles were raised from the seabed close
to the cylinder for a small clearance and the shape of the trajectories
changes. The paths form a half-circle closest to the cylinder where the
diameter of the half-circle increase with increasing clearance. The effect
of the diameter of the cylinder was investigated utilizing cylinders with
two different diameters and the same relative clearance 𝑒∕𝑑 = 0.5 but
ifferent relative initial positions 𝜉0∕𝑑. Fewer particles were ejected for

the large diameter where the dominating trajectory was similar to the
shape obtained for 𝑒∕𝑑 = 0.625 utilizing the small cylinder.

Based on the particle trajectories, the optimal position of the fishing
line in the towed fishing gear is determined to be 𝑥∕𝑑 > 4 for the
fishing gear to be the most efficient. The particles have not settled
within 𝑥∕𝑑 = 10 but are close to settling, hence it is recommended
to position the fishing line closer to the cylinder than 𝑥∕𝑑 = 10. The
headline should be positioned at 𝜉∕𝑑 > 3 for the particles to not escape
above the headline.
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