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Background

Objectives

Research on respiratory aerosol transmission of pathogens has gained dramatic interest since The dispersion of cough-induced particle clouds under the influence of a large-scale circulation
the beginning of the COVID-19 pandemic. It is well known that ventilation has a significant| |(LSC) is studied using direct numerical simulations (DNS). Extending our previous research on
impact on the spread of aerosols which are transported by the air over long distances due to droplet dispersion in unventilated environments [1], this study focuses on aerosols within a
the environmental airflow. In this context, a better understanding of the mechanisms of virus| |turbulent cough-generated flow and their interaction with a LSC. Horizontal advancements of
Qpread in ventilated indoor environment is necessary. ) @e particles are analysed using centroid and dynamic time warping (DTW) methods.

4 Methods

[ )

Cabin  environments and rooms are often Wal

characterised by LSC. A DNS of a lid-driven cavity | exqiaoryevent
flow was performed using a semi-implicit time = || ' oS
integration scheme to obtain an initial flow field /|
for the DNS of the particle jet. The flow is driven
by the lid at the boundary downstream of the jet, |
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The DNS of the particle jet interacting with a LSC is Room
performed using a second-order accurate finite-volume
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The domain and the mesh size are chosen based on a previous study [3]. The domain consists of a
rectangular and a circular smooth pipe, representing the simplified room and the mouth opening,
respectively. Eddy-like disturbances [4] are added to the mean velocity [5] of the cough at the inlet
to initiate the turbulent jet. A direction-mixed boundary condition is applied at the outlet, providing
a fixed velocity in the tangential directions and a zero gradient velocity in the normal direction.

method in combination with a projection method [2] for Buoyancy 4.

the velocity-pressure coupling and an explicit, second- "‘/H“.UO%R”_\ The exhaled particles are assumed to be spherical points with constant — 1
order accurate Euler-Leapfrog time stepping. The Drag \ 7 (e ) mass and are tracked using a Lagrangian approach considering the drag | o

transport equations for the temperature and vapor - 6. c;c;ﬁggg%ﬁid and gravitational forces. The DNS is initialised with 2500 particles é'“-”‘*

concentration are coupled to the momentum equations positioned at rest with a initial size distribution [6] shown in the figure. |00

using the Boussinesg approximation to include the ‘ Particles smaller than 60 pym are categorized by size for further analysis | oo

buoyancy effect. Gravity using centroid and dynamic time warping (DTW) methods in the [ o, S - —

\\ RH: Relative Humicity / Qorizontal direction.
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The near-ground circulation enhances the advancement of the particles within dso_goum-

Results
LSC _ Quiescent __ L The larger particles advance less in the horizontal direction.
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The figure represents the velocity magnitude field, the predicted particle cloud and the
velocity magnitude field at the end of the jet phase (t = 1 s). The jet tip and the centrold mefhoc Pynamic Time Wareing (GTW)methed 1 The graphs present comparisons
particle cloud in the LSC case show a larger shift toward the ground compared to the e e g T e s e g 1 |of horizontal trajectory
quiescent case. However, the horizontal advancement of the jets are similar. Particles B T .+ |advancements using centroid
larger than 100 pm have already detached from the jet cloud due to gravitational - ;j P R rmpeniiieesigland DTW  methods in  the
forces and are approaching the ground with ballistic (semi-ballistic) behaviour. z %2‘ ,,_:;::j_'fff:::::::;_4__,__*__,__7 A e eeeee . ..= [quiescent case. The horizontal
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X T oz already lost their momentum. The DTW method yields more twisted trajectories and there is no
=" -l o direct correlation between the particle size and the horizontal advancements. Particles within
= | ! w: d10-20um advanced the most in 22 s. Larger particles lost their momentum just like using the
H X centroid method but the final reach of the particles within d3o_40um and dsg—_eoum Changes
o1 I dramatically.
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The figure shows the particle cloud spread from the top and side views, 6 s after the ‘ particle size. Larger particles still
initiation of exhalation, for the quiescent and the LSC cases. The particle cloud in the "0 5 e "% : b ™ |haven't lost their momentum in
LﬁC.case spre?]dsl16%|farther 22 thehpartlclgs n tf?e qwlescent ca.se.rl]n add'tlon e the horizontal direction and the largest particles are affected by the strong near-ground
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. . . more twisted trajectories and there is no direct correlation between the particle size and the
SNEPE. The reason o thes_e GilTErences Is that the_ CIO.Ud 5 stretehed by the shiear Torces horizontal advancements. Particles within d,o_30,m travelled the most in 22 s. Larger particles
of the circulating flow acting on the cloud, resulting in a narrower and more elongated . S . .
. . advanced dramatically less compared to the centroid method and keep advancing horizontally.
shape of the cloud than in the quiescent case.
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simulation time of this LSC case, include particle evaporation and do more observations on the DTW method.

Conclusion & Outlook

We studied the impact of a LSC on particle cloud behaviour during the jet phase and puff phase of a single cough. The effect of the LSC on the particle cloud within the jet phase is relatively
smaller than the effect of the LSC on the particle cloud within the puff phase, where the LSC enhanced the maximum horizontal advancement of the particles but reduced the maximum lateral
spread. DTW method shows twisted particle advancement, more than the centroid method. This difference indicates that the nature of the particle dispersion in a turbulent environment might be
more complex than we model and much complex evaluations on the particle spreading might be necessary to model the respiratory aerosol dispersion. In the future, we are planning to extend the
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