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Abstract: Air bubble curtains have been applied to a wide range of situations, from the attenuation
of underwater noise, debris control, and containment of suspended sediment, to the reduction of
saltwater intrusion. This work conducts a preliminary numerical study on the influence of a bubble
curtain device on microplastic dynamics. Simulations are conducted with a two-phase unsteady
model, and the trajectories of the microplastic particles are computed with the Discrete Phase Model
(DPM). Particles are injected upstream of the bubble curtain, and their transport is analyzed under
different flow conditions. Results show that the ratio between the water velocity and the air injection
velocity can significantly impact the efficiency of the device in directing the particles toward the
surface. Furthermore, a higher degree of turbulent mixing is seen for lower water velocities. This
study highlights the intricate flow behavior, and the need for a deeper understanding of other
variables such as the microplastic size and concentration, and the geometry of the air injection system.
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1. Introduction

Plastic materials have become ubiquitous in our lives due to their widespread adoption
for convenience, cost, and benefits in terms of safety and energy saving. However, due to
their widespread use and long decomposition time, we are currently facing a global plastic
waste crisis [1].

One issue of particular interest is marine pollution by plastic debris. Around 10% of
plastic waste is estimated to end up in the oceans [2]. Its effects threaten marine animals,
in addition to being deposited in bed sediments and potentially impacting the animals that
live and feed on the benthos [3]. Plastics can, therefore, play an important role in destroying
habitats. While macroplastics are easily visible, and their social, economic, and ecological
impacts have already been demonstrated, the same cannot be said for microplastics (MP),
which consist of particles smaller than 5 mm.

Another issue of great concern is the ingestion of macroplastics and microplastics, not
only by animals but also by humans through bioaccumulation [4]. Studies have shown
that humans ingest up to 52,000 microplastic particles per year from food and drink [5].
Furthermore, since plastics can adsorb pollutants from their surroundings, they can act as
efficient distribution systems for toxic pollutants such as heavy metals [6].

Considering the preponderant role of rivers in transferring plastic waste from ter-
restrial to marine environments, developing efficient solutions to reduce the amount of
plastics in river systems is imperative. One solution, and the subject of this work, is the

Eng. Proc. 2023, 52, 0. https:/ /doi.org/10.3390/0

https:/ /www.mdpi.com/journal/engproc


https://www.mdpi.com/article/10.3390/0?type=check_update&version=1
https://doi.org/10.3390/0
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/engproc
https://www.mdpi.com
https://orcid.org/0000-0001-6631-8378
https://orcid.org/0000-0002-1648-8368
https://orcid.org/0000-0002-4901-7140
https://orcid.org/0000-0002-6943-6537
https://asec2023.sciforum.net/
https://doi.org/10.3390/0
https://www.mdpi.com/journal/engproc

Eng. Proc. 2023, 52,0

2 of 5

classic bubble curtain. This solution meets both ecological and navigational requirements,
as it is fish-friendly and does not hamper the navigation of boats [7]. Simply put, the device
consists of a perforated tube positioned along the channel bed, into which compressed
air is injected, and a bubble curtain is generated. The current generated by the rising air
bubbles drives the debris to the surface and directs it to a collection system [8].

Given the identified knowledge gap, this work conducts a preliminary assessment of
the influence of a bubble curtain device on flow hydrodynamics, as well as its effects on the
transport of microplastic particles. Ultimately, we intend to understand the feasibility of a
bubble curtain device to retain microplastics in river systems.

2. Methodology

The present paper is built upon a numerical methodology that allows a controlled
study of the influence of a bubble curtain device on microplastics dynamics. With that
interest, a numerical study is prepared using Ansys® Fluent, following a Reynolds-averaged
approach (RAS). Because of that, a turbulence model must be chosen, which for the present
study, we select the k — e. For the wall treatment, scalable wall functions are used. Regarding
the water-air interaction, the commonly used Volume of Fluid (VOF) method is employed.
To improve the method’s accuracy, an adaptive mesh strategy is used which constantly
refines the water-air interface. For the discrete phase modeling, which is responsible for
determining the dynamics of the microplastics, the Discrete Phase Model (DPM) is used.
The injection of particles is considered to not have any interaction with the continuous
phase, following a one-way coupling strategy that is valid when particle concentration
is fairly low. The computational domain designed for the present study is presented in
Figure 1.
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Figure 1. Computational domain.

As seen above, the domain has two inlets. At the water inlet, the velocity, Uy is
prescribed, as is the water level, Ky, through the open channel sub-model. The same
height is used at the outlet, acting as a pressure outlet. At the air inlet, the velocity, U; =
0.2ms 1, is also prescribed and kept constant for all the cases. Concerning the injection of
the microplastic particles, these are inserted upstream of the air bubble curtain after 2's of
simulation with a duration of 2 s. Particles have a density of 1.04 kg m 3 with a diameter of
0.5mm. This results in a mass flow of approximately 0.25gs~! which was selected based
on very recent and preliminary experimental trials. Once again, it is important to mention
that the particle concentration must remain low in order to guarantee that the one-way
coupling strategy is valid.

3. Results

Figure 2 provides an insight on the influence of the flow velocity on the bubble plume
dynamics. As the Uy /U, ratio increases there is a higher downstream deflection of the
bubble curtain, and thus, the bubbles reach the surface at a much later downstream position.
On the other hand, as the Uy, /U, ratio decreases the bubbles are more densely distributed
throughout the water depth. Also, note the higher degree of turbulent mixing for the
lower water velocities. This may be unfavorable since the turbulent mixing can pull the
microplastic particles downwards, which may affect their efficient removal. This raises
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an important question on the importance of Uy, /U, which must be thoroughly studied in
order to identity its optimal value.

An analysis of the particle positions shows that the microplastic particles tend to
stay at the surface and in the vicinity of the bubble curtain when the flow velocity is
lower. As expected, for lower Uy, /U, values the bubble barrier produces a strong enough
uplifting current in order to drive the microplastic particles toward the surface. A higher
concentration of particles close to the surface is particularly important for the subsequent
removal process. This behavior is concurrent with preliminary experimental tests at lower
velocities (U, = 0.05ms™1), as the particles were effectively blocked by the bubble curtain
and remained on the upstream side of the barrier.

Another important aspect is the shape of the bubble curtain device. In this work, the air
is injected directly into the channel bed. However, in the previous work of Santos et al. [9]
the device was simulated as a protruding body. This resulted in a distinct behavior close
to the device, as the flow separated and a vortex was generated on the downstream side
of the device. The combination of the protruding body (which reduces the longitudinal
velocity on the upstream face of the device) and the downstream vortex (which tends to
deflect incoming bubbles), meant that the bubbles had less downstream dispersion and
were more evenly distributed along the water column. As such, the shape of the device
itself is another variable that requires further study.

Uy, = 0.45ms™1 U, =030ms?! U, =0.15ms™ !

Figure 2. Air volume fraction and particle positions. Each column is for, respectively, flow velocities
w=045ms™1 U, =0.30ms™ !, and Uy = 0.15ms™!. Each line matches instants, t = 3s, t = 4s,
t=5sand t = 6s.

In Figure 3, the contour of the mean velocity magnitude and is shown. Note the
distinct flow behavior between each of the cases. For the slowest flow velocity, a vortex
forms close to the surface on the downstream side of the bubble curtain device. In this case,
the Uy, /U, ratio allows the generation of a strong enough uplifting current to drive the
particles to the surface. In contrast, as flow velocity increases the vortex is suppressed and
the effect of the uplifting current becomes increasingly weaker. As such, determining the
right Uy, /U, ratio is a critical task in order to increase the device’s efficiency in retaining
microplastic particles.
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Figure 3. Mean velocity and streamlines based on a 10s simulation. Top to bottom, each line is for a
flow velocity of Uy = 045ms~ !, Uy =030ms™ !, and Uy, = 0.15ms ™}, respectively.

4. Conclusions

The present work is an exploratory study of the behavior of a bubble curtain placed in
a water channel with the purpose of removing microplastics. The study was conducted
numerically and consisted of three conditions in which the water velocity was modified.
By changing this parameter, the ratio between the water and air velocities was also modified.
This ratio has a critical impact on the air velocity dominance over the water flow. However,
results also indicated that as U, /U, decreases, the flow exhibits a higher turbulent mixing
that may affect the ascent of the microplasticles toward the surface. While this is an early
study, it is already evident the complex interaction between the two phases and how the
particles behave under different conditions. Based on this study, future research will look
into the air injector geometry and multiple air injection, the implementation of a collector
system, and its efficiency regarding particle removal.
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