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Abstract. During fishing operations, fishers often need to work in close proximity to each other on deck in a
very limited space. This open-air working area can be subjected to various airflow conditions which might
foster the airborne transmission of COVID-19 virus. To understand the risk of contagion in such a working
environment and develop effective mitigation strategies to ensure the fishermen’s safety, the present work
establishes a computational model to analyse the virus’ airborne transmission. Specifically, the work applies
Computational Fluid Dynamic (CFD) to simulate various airflows occurring on an Indonesian fishing vessel,
which is combined with Lagrangian particles that are used to model and track COVID-19 viruses. The
concentration and coverage of COVID-19 viruses are analysed, considering the infected person working in
different deck locations and under the influence of different vessel/wind speeds and directions. Subsequently,
a set of guidelines including safe distance for the fishermen is suggested for each scenario.

Keywords: COVID-19; Fishing Vessel; Virus; Airborne Transmission; Computational Fluid Dynamics;
Particle modelling.

1. Introduction

The global fishing industry has been facing COVID-19 issues, with a majority of vessels restricted from leaving
port. Based on the authors’ survey, in the Maluku provinces of Indonesia, only 30% - 40% of fishing vessels are
currently operating. For the operating vessels, the catching process usually requires more than 10 crew members
working side-by-side and the physical demands make it impractical to wear masks. Under these circumstances the
crew’s COVID-19 safety is of concern. There are approximately 2.2M fishers in Indonesia, owning more than
600,000 fishing vessels. The contemporary pandemic is causing enormous and increasing damage to the fishermen,
thus urgent research is required [1].

In Indonesia, a primary type of fishing operation is Pole & Line (PL). Figure 1(a) presents the scenario of PL,
where the crew fish in the bow area working in close proximity to take advantage of live bait thrown into the water.
Figure 1(b) provides a corresponding drawing for this method.

It can be seen that the operation exposes the crew to COVID-19 risks, with the virus primarily transmitted via
air and the infection can be induced through inhalation [2]. Especially, there can be particular airflow conditions
which have been reported to foster the virus’ airborne transmission [3]. Airflow may transmit viruses from an
infected person to those nearby. Therefore, understanding the virus’s movement and coverage in different airflow
conditions is critical for developing effective mitigation strategies for the fishing industry.

Computational Fluid Dynamics (CFD) has demonstrated strong capabilities to simulate complex airflows, and
the trace of virus particles in the flows may be tracked through a Lagrangian approach. This simulation technique
has been successfully applied to COVID-19 transmission and mitigation, such as in a bus [4], in an aeroplane [5],
inside a passenger vessel [3] and in a hospital [6]. The existing publications differ from the current work because
they are all internal scenarios, while the crew working on a fishing vessel are generally in the open air. However,
the CFD approach previously used to study the virus movements may be adapted to build a new model for the
fishing scenario, which is presented here.
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(b) Drawing of the operation
Figure 1: The PL fishing method

2. Computational modelling

2.1. Ship model and computational domain

A standard PL fishing vessel operating in Indonesia was selected as the research object of this paper, as shown
in Figure 2. The ship has the following dimensions: length = 18 m, width = 4.2 m and height = 3.3 m. Based on a
common working setup, it is assumed that 13 crew are working in the bow area, in which, 5 crew are in the bow
and 4 crew are on each side. Typically there is a distance of 0.5 m between every two crew members on the deck.
Accordingly, the computational geometry of the ship and the crew were built at full scale, as shown in Figure 3.
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(a) Plan view

(b) Profile view
Figure 3: Computational geometry of the ship and crew

To perform CFD investigations, the geometry was imported into the STAR-CCM+ software. Then, a cuboid
computational domain was established (60 m x 60 m x 6 m). There is at least one-ship-length domain on sides and
behind the hull, which is large enough to avoid any boundary effect affecting the flow around the ship [7]. The
bottom of the domain is set as a non-slip wall to mimic the water surface, considering a draught of 1 m. Other
boundaries are mimicing open air, with the incoming wind boundary set as velocity inlet and the rests are set as
pressure outlet. The domain was discretised into a mesh using hexahedral cells. A refined cell size (d) was used
around the ship to obtain high-resolution results, while a relatively large grid size (10d) was applied for
insignificant regions. The discretised domain is shown in Figure 4.
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(b) Close-up mesh view
Figure 4: Computational domain for CFD calculations

The ship was assumed to operate in airflow, and all grids were filled with air. No water was modelled in the
current investigation to save computational cost, which is assumed to have no influence on the airflow in a calm-
water condition. However, if waves were present, the heave, pitch and roll motions of the ship could influence the
airflow.

A mesh sensitivity study was conducted with d = 0.12, 0.09, 0.06 m, resulting in 0.88, 1.92 and 6.09 million
cells. The three sets of mesh were tested with a maximum Courant number of 1. The ship’s air resistance in 15
knots headwind airflow is recorded, respectively 301 N, 271 N and 267 N. It can be seen that the resistance
converges with the cell number increased, while the improvement d = 0.09 m and d = 0.06 m is not distinct.
Therefore, the mesh with d = 0.09 m was selected to conduct the following analyses.



2.2. Governing equations

The governing equations of this work are the same as in [3], while applied to a different case here. The COVID-
19 virus aerosols/droplets are modelled as Lagrangian particles. They are allowed to freely move in the Eulerian
CFD mesh. Particles’ movement is determined by their gravity (G) and a drag force from their surrounding airflow
(Fa):

dvp
m<L=G+Fq (1)

where m denotes the particle’s mass, V is the particle’s velocity, G = mg and g is set at 9.81 m/s?. The fluid drag
force is calculated through the Schiller-Naumann Correlation [8]:

1
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where pp is the particle density, Ap is the particle project area and V; is the relative velocity between the particle
and the air. C4 is an empirical coefficient calculated based on the particle’s Reynolds number (Rep), which is
defined as follows.
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Fluid properties in the CFD mesh are obtained by solving the standard Reynolds-Averaged Navier-Stokes
(RANS) equations:
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where V is the time-averaged velocity, v’ is the velocity fluctuation, p is the fluid density (p.ir = 1 kg/m?), p denotes
the time-averaged pressure, T = u[Vv+ (Vv)T] is the viscous stress term, and u is the dynamic viscosity ((air =
1.48x107° N-s/m?). Since the RANS equations have modelled fluid turbulence, the Shear Stress Transport (SST)
k — ® model was adopted to close the equations [9,10].

For the present case, COVID-19 particles are microscopic and they can constantly perform stochastic motions.
On the macro level, the stochastic motions reveal as the particles gradually diffuse. This behaviour is modelled by
including the effect of instantaneous velocity fluctuations on the particle [11]:

V=V 4V (6)

To be more specific, the applied fluid velocity in calculations is v, which is different from a usual RANS
approach for macroscopic problems where v is directly used to simplify the calculation, e.g. [12].

2.3. Study cases

The source of COVID-19 virus in this work is considered to be an infected person speaking. The airborne
COVID-19 virus exists in a form of aerosols and droplets that can be generated by humans coughing, speaking,
breathing, singing and sneezing [13]. Coughing and speaking are the most likely scenarios, as coughing is one of
the primary COVID-19 symptoms whilst speaking is almost inevitable in daily contact and can output a significant
amount of the virus. Chao et al. [14] measured the velocity, concentration and diameter of virus particles from
coughing and speaking, as given in Table 1. They indicated that the duration of coughing is around 0.3 s, whilst
speaking was considered to last 60 s. The viruses injected through coughing have a higher concentration and initial
speed than those from speaking. However, the total quantity of viruses injected from speaking more than coughing
because its duration is much longer. Therefore, the present work selected speaking over coughing as the virus
source. A relevant work completed recently also demonstrated that speaking generally provides a higher COVID-
19 risk than coughing [3].



Table 1: The details of virus import due to coughing and speaking [14].

Virus source Coughing Speaking
Injection duration 0.3 s, short event 60 s, long event
Inject speed 11.7 m/s 3.1m/s
Particle diameter 13.5 um 16 um
Inject particle number 6950 per second 443 per second

There were two scenarios investigated in this work, headwind and tailwind conditions. For each scenario, three
wind speeds were tested, 5 knots, 15 knots and 25 knots. The maximum of 25 knots was set according to on-site
measurements. The wind may be considered as a relative flow, which is applicable to combined conditions with
wind speed, vessel speed and relative heading angle. For each simulation, the infected person was assumed to be
an upstream one, which is to ensure the maximal risk is studied.

3. Results and discussion

Following the CFD computation, Figures 5 and 6 present two examples for the airflows of a 25-knot headwind
and tailwind, respectively. Figure 7 presents the virus trace in headwind conditions. It can be seen that the virus
incurs a significant COVID-19 risk for the crew who are situated downstream from an infected-speaking person
with a high concentration of virus particles. Comparing the results from different speed conditions, it is seen that
high-velocity winds can help blow the viruses away and reduce the concentration. However, the risk is not
eliminated even in the 25-knot case. It is also seen that a significant number of virus particles can be blown into
the ship's superstructure. Therefore, the forward area should be cleaned frequently.

Figure 8 presents the virus trace in tailwind conditions. It can be seen that the ship superstructure can scatter
the airflow, although the flow is not completely blocked; this is in line with Figure 6. Generally, the virus coverage
and concentration are lower than for the headwind situation. Therefore, if the ship is not moving, placing the stern
towards the wind could effectively reduce the COVID-19 risk. and the forward door and windows may be kept
closed to prevent the virus from entering the cabin.

Combining the results of Figures 7 and 8, a safe distance may be suggested. According to the research of
Vuorinen et al. [13], a COVID-19 infection can happen when at least 20 virus particles are inhaled. Taking an
error-tolerant margin into consideration, this work defines a location with more than 10 virus particles as risky.
Then, the virus trace’s length that contains more than 10 viruses was measured, named Significant Trace Length
(STL). A safe distance is suggested as the STL plus a 0.5 m distance that accounts for the crew’s necessary motions
during fishing. The calculated safe distance for each investigated case is reported in Table 2.

Table 2: Safe distance between crew

Headwind Tailwind
5 knots 25m 1.5m
15 knots 1.5m 1m
25 knots 1m 05m

Between 5-25 knots, the slower the wind, the larger STL is obtained. However, if the wind speed is zero, then
there is no airflow to carry the virus, and the STL could be less than 0.5 m [3]. Therefore, future work will be
conducted to check wind conditions between 0-5 knots to find out when the STL reaches its maximum.
Additionally, the crosswind direction and oblique wind condition should also be investigated to obtain the
corresponding STL.



(b) Profile view
Figure 5: 25 knots headwind airflow
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(b) Profile view
Figure 6: 25 knots tailwind airflow



(a) 5 knots headwind airflow

(b) 15 knots headwind airflow

(c) 25 knots headwind airflow

Particle number
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Figure 7: Virus trace in headwind conditions



(a) 5 knots tailwind airflow

(b) 15 knots tailwind airflow

(c) 25 knots tailwind airflow

Particle number
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Figure 8: Virus trace in tailwind conditions
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4. Conclusions

Fishing vessels in Indonesia and globally have been subject to a significant challenge from COVID-19. In order
to recover their operations and aid the economic situation, this work has developed a computational model to
analyse the COVID-19 risk during fishing operations. Headwind and tailwind conditions were investigated and it
was found that the latter provide lower COVID-19 risk. Based on the risk-based intensity of virus particles in the
air, a safe distance is suggested for each wind condition, which can be used as a guideline for the fishermen.
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