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Abstract

Airborne transmission has been recognised as an important route of transmission for SARS-CoV-2, the virus
responsible for the COVID-19 pandemic. While coughing and sneezing are major aerosol sources, asymptomatic
transmission highlights the need to study other exhalation modes in social settings. Gathering around a table, a
common scenario for human interactions, may influence airborne transmission by modifying the airflows. Here,
we employ high-fidelity large-eddy simulations to investigate the effect of a table for periodic breathing conditions
(Reynolds number Re ~ 103-3 x 103, Froude number Fr ~ 17-50) as well as during sudden, forceful exhalations
at peak values of Re~ 1.2 x 10% and Fr ~ 70, mimicking laughter. During downward exhalations, the distance
between the source and the table defines a new length scale that constrains the natural spread of buoyant puffs and
jets. The table limits forward particle transport but, in doing so, may increase particle concentrations reaching a
recipient, raising transmission risks. Simulations of forceful exhalations, such as laughter, further show that the
table acts as an inertial filter — intercepting medium-sized particles that would otherwise remain airborne. This
introduces a cutoff size dependent on puff inertia, altering the resulting airborne particle size distribution.

Impact Statement

Human expiratory flows have been under a research spotlight since the onset of the SARS-CoV-2 pandemic,
owing to their crucial role in airborne transmission of respiratory viruses. Using flow simulations, we demon-
strate how a table located between two people modulates exhaled flows and the transport of exhaled virus-laden
droplets. For the first time, we propose a panorama of physical phenomena that modify the flow and the trans-
mission risk in a conversation at a table: the table limits forward transport of airborne pathogens, concentrates
them in the air but also collects the largest droplets due to inertial impact. All of these effects stress the relevance
of accounting for the geometry of the environment when assessing transmission risks of airborne diseases.

1. Introduction

Approximately five years after the onset of the Coronavirus disease 2019 (COVID-19) pandemic, caused
by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the time for emergency is over.
On 5 May 2023, the World Health Organization had considered that COVID-19 no longer constituted a
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public health emergency of international concern and issued recommendations for the long-term man-
agement of the disease (WHO, 2023). Nevertheless, the terrible human and economic costs of the
pandemic, and the possible emergence of similar viruses or new variants of SARS-CoV-2 (Carabelli
et al., 2023), constitute formidable motivations to elucidate the biological, physical and social mecha-
nisms at play in the transmission of such a disease as well as in its mitigation (Wang et al., 2021a,b;
Galasso et al., 2020; Zhang et al., 2020; Crunfli et al., 2022; Howard et al., 2021; Baxter-King et al.,
2022). In particular, the question of how microenvironments modulate the transmission risks remains
acute (Nielsen & Xu, 2022) to define relevant public policies.

In airborne transmission of respiratory diseases, susceptible people get infected after inhaling viruses
contained in particles suspended in the air, previously emitted by an infected individual (Morawska &
Cao, 2020; Balachandar et al., 2020; Wang et al., 2021a; Bourouiba, 2021). These respiratory droplets
are emitted during all expiratory activities, with their number and size distribution depending on the
activity and on interindividual factors (Duguid, 1946; Johnson et al., 2011; Gandhi et al., 2020; Wells,
1934; Asadi et al., 2020; Edwards et al., 2021; Bagheri et al., 2023). After their emission, the size of
the particles evolves in the air due to the evaporation of their water content (Netz & Eaton, 2020). While
leaving the mouth and/or the nose, they are accompanied by a mass of warm, humid air. The associ-
ated buoyant and turbulent flows modulate the transport of pathogen-laden particles in two principal
ways: first, compared with isolated droplets, the settling time of suspended droplets is increased due to
their entrapment in turbulent flow (Bourouiba et al., 2014). Second, their evaporation is delayed, as the
warm, humid expiratory air creates a buffer between the suspended droplets and the often colder, drier
environment (Bourouiba, 2021; Chong et al., 2021).

Many studies have been dedicated to coughing and sneezing puff flows from symptomatic individuals
(Gupta et al., 2009; Bourouiba et al., 2014; Chong et al., 2021; Bourouiba, 2021).

However, the importance of presymptomatic, paucisymptomatic and asymptomatic transmissions of
COVID-19 (Oran & Topol, 2020) has highlighted that expiratory modes such as breathing and speech
had been overlooked (Stadnytskyi et al., 2020; Shao et al., 2021; Abkarian et al., 2020; Giri et al.,
2022; Singhal et al., 2022; Cortellessa et al., 2021; Faleiros et al., 2022). From the flow point of view,
breathing and speaking are characterised by successive puffs that may coalesce to form jet-like flows in
the far field (Abkarian et al., 2020; Giri et al., 2022; Singhal et al., 2022). In addition, flow rates, mouth
positions and flow directions vary during speech (Abkarian et al., 2020; Abkarian & Stone, 2020),
possibly generating upward, forward and downward puffs, so that the knowledge gathered for coughs
and sneezes is not directly transferable to speech (Abkarian et al., 2020; Tang et al., 2011).

Superspreading events in indoor settings (Miller et al., 2021; Azimi et al., 2021) have shed light on
the long-range airborne transmission of SARS-CoV-2, for which exposure times and air renewal rates
are critical (Bazant & Bush, 2021; Morawska & Cao, 2020; Bhagat et al., 2020). On the other hand, in
everyday conversations, people may keep a short distance from each other, which significantly reduces
the time and length scales relevant to the airborne transmission. In such ‘short-range’ situations, the
fine details of the expiratory air flows and droplet transport are crucial (Wang et al., 2021a; Nielsen &
Xu, 2022), which has for instance motivated the study of temperature and ambient air current effects
(Mendez et al., 2023; Wang et al., 2021c¢).

However, case-control studies have shown that frequenting places that offer on-site eating and drink-
ing are risk factors for contracting COVID-19 (Fisher et al., 2020; Galmiche et al., 2021). Indeed, in
restaurants, bars and coffee shops for instance, people sit unmasked around a table, which naturally
imposes a typical separation of approximately one metre. These situations are often prolonged, which
increases the risk of disease transmission. The table is a surface on which the largest emitted droplets
may deposit (Ding et al., 2022), but it also modifies the air flows directed downwards, such as nose
breathing or laughing flows (Bhagat et al., 2020) (see experimental illustrations in movies S1-S3) and
some speech-associated puffs (like ‘ka’ or ‘ta’ (Abkarian & Stone, 2020) or in words ending with a
‘t’, such as ‘light’, for instance). Despite the interest of the table configuration for COVID-19 transmis-
sion, specific studies are rare and do not detail the flow—table interaction (Ding et al., 2022; Faleiros
et al., 2022). In particular, does the presence of a table promote or inhibit the forward propagation
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Figure 1. Numerical simulations of expiratory flows considered in the study: (a,b) side and front views
of the breathing cloud generated after 5 cycles of periodic nasal breathing (t = 20 s), for a 15 | min™'
flow rate and a vertical height between the nostril exits and the table of h; = 32 cm. Typical values of
orientation of nose breathing jets (Gupta et al., 2010) are imposed at the nostrils. (c,d) Two snapshots
of laughing flow in front of a table at t = 2 s (end of the injection signal) and t = 30 s, respectively. A 45°
downward orientation is imposed. Particles are single coloured. Note the large structures at the head
of the jets, similar to observations from Sharp & Vyas (1977) and Burridge & Hunt (2017). The flow
direction, impact on the table, clinging, lateral spreading in nose breathing are qualitatively illustrated
in experimental supplementary movies S1, S2 (nose breathing) and S3 (laughing).

of respiratory particles? How does the table affect particles of different sizes, and what is its impact
on the concentration of infectious aerosols reaching someone seated opposite an infected individual?
These questions depart from the traditional motivations for studying oblique impinging jets, typically
framed in cooling applications to maximise heat transfer (Goldstein & Franchett, 1988; Mishra et al.,
2020, 2023) or in vehicle take-off and landing scenarios (Nguyen et al., 2020), where flow regimes dif-
fer markedly (e.g. higher Reynolds numbers, smaller nozzle-to-plate distances, isothermal conditions,
steady jets). Consequently, dedicated investigations are required to address these questions.

In this paper, we use numerical simulations of expiratory flows to explore those open questions.
Focus is placed on two configurations, chosen to mimic archetypes of expiratory flows: nose breathing,
in which periodic exhalations coalesce to form a jet interacting with the table, and laughter, with a
sudden series of air expulsions forming a puff impacting on the table, which is also a model for coughs
or strong speech flows, such as plosion utterances. The scenarios are illustrated in figure 1.

The paper is organised as follows. Section 2 presents the flow simulations performed for this study.
In §§ 3 and 4, we document breathing and laughing flows and their interaction with a table positioned
horizontally below the emitter, and its consequence for the transport of emitted droplets. Section 5
summarises the key findings and discuss their broader implications.
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2. Large-eddy simulations of respiratory flows

In order to provide the reader with an overview of the model and method used in this paper, the
numerical simulations are briefly presented in this section. A thorough description is available in the
Supplementary Materials.

2.1. Model and numerics

The numerical database of expiratory flows and aqueous droplets presented in the paper was generated
through high-fidelity large-eddy simulations (LES) of the variable-density Navier—Stokes equations in
the low-Mach regime using the in-house flow solver YALES?2, previously employed in the airborne
transmission context (Abkarian et al., 2020; Yang et al., 2020; Mendez et al., 2023) (see other examples
of LES in this context by Wang et al. (2021¢) and Trivedi et al. (2021)). The unresolved sub-grid scale
(SGS) stress tensor is modelled using the Boussinesq assumption with the so-called o—model (Nicoud
et al.,2011) for the sub-grid turbulent viscosity. The c—model has been built to yield zero SGS viscosity
in situations where the flow is laminar, so that it is notably well adapted to moderate Reynolds numbers
(Baya Toda et al., 2014; Nicoud et al., 2018; Zmijanovic et al., 2017). The variable-density formulation
allows us to account for thermal effects which are crucial to determine the dynamics of the exhaled cloud
and for the evaporation of the droplets (Boulet ez al., 2018).

The solver uses the projection method, initially introduced by Chorin (1968) and subsequently
modified by Kim & Moin (1985), relying on the Helmholtz—Hodge decomposition. The prediction
step is advanced in time by employing a Taylor scheme for Finite-Volume method of the 4th-order
(TFV4A) scheme (Kraushaar, 2011), combining a fourth-order Runge—Kutta scheme with a fourth-order
Lax—Wendroff-like scheme. The deflated preconditioned conjugate gradient algorithm is used for the
correction step that involves solving a Poisson equation to determine pressure (Moureau et al., 2011;
Malandain et al., 2013). The solver has been extensively employed across a wide range of turbulent-
flow studies and rigorously validated against experimental data (Zmijanovic et al., 2017; Berthelon et
al., 2023), including heat-transfer applications involving impinging jets (Grenouilloux et al., 2021).

The convective time step is fixed using the Courant—Friedrichs—Lewy condition which is set to 0.4.
Diffusion is another constraint on the time step; the associated viscous time step is fixed according to
the Fourier number, which is set to 0.15.

Droplets are considered within a one-way spherical point-particle formalism that accounts for drag
and gravity forces. Drag is modelled with the empirical correlation of Schiller and Naumann (Naumann
& Schiller, 1935) for moderate values of the particle Reynolds number. The diameter of the particle
evolves due to evaporation, for which the Spalding model is adopted (Spalding, 1950). They are assumed
to be made of water, but include a non-volatile fraction that limits their evaporation: the final diameter
is 1/3rd of the initial diameter, which corresponds to a non-volatile fraction of 3.7 % (Netz & Eaton,
2020).

The one-way coupling allows us to account for the effect of the fluid velocity, temperature and com-
position on the droplets dynamics and evaporation, but mass, momentum and energy source terms in the
fluid equations are neglected, which is justified by the small number of droplets emitted by the exhalation
modes considered here Arpino et al., (2022). Indeed, the number of particles generated during breathing
or speaking is of the order of 100-1000 per litre (Asadi et al., 2020; Morawska et al., 2009), most of
them being smaller than a few microns in diameter (Bagheri et al., 2023). This yields negligible volume
fraction and mass loading (Loth, 2000), which justifies the use of one-way coupling for the momentum.
As a first approximation, we also neglect the effect of evaporation on the gas phase, which can delay the
evaporation (Chong et al., 2021). The advantage of this approximation is that each droplet can be treated
independently and its dynamics does not depend on the other droplets exhaled. As a consequence (i) a
large number of droplets can be injected to build statistics and (ii) the droplet size distribution does not
matter for the calculation. We thus use a uniform size distribution over the range of interest and describe
the dynamics as a function of the size with sufficient statistics. We investigate droplets size between 1
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and 60 microns: the dynamics of smaller droplets are assumed to be well described by that of 1-micron
droplets, all of them having negligible inertia. In addition, the behaviour of droplets of initial diameter
larger than 60 microns can easily be extrapolated from the presented results, as will be shown in § 4.

The interaction with the wall is treated as follows: if the particle displacement is such that it reaches
the surface within a time step, the particle is assumed to deposit on the surface and remain where it
deposited. We consider that splashing of the droplets does not occur (Yarin, 2006), which is justified by
the relatively low inertia of the droplets when reaching the surface (Mundo et al., 1995). In addition,
resuspension by the flow itself is not considered.

In addition, massless Lagrangian particles are used to visualise and characterise the air flows released
during nasal breathing. As these particles do not have inertia, they are simply displaced by the local flow
velocity. The velocity of tracers is determined through the interpolation of the local flow velocity at the
tracer position, which is then advanced using a third-order Runge—Kutta scheme. Further details about
the modelling of particles are available in the Supplementary Materials.

2.2. Computational domain and meshing

The computational domain is a three-dimensional parallelepiped of dimensions 4 m (width) x 4 m
(height) x 5 m (Iength) in the directions x, y and z, respectively. A human manikin with mouth and
nose openings is included in the domain. The face of the manikin is symmetric along the x-axis and
directed toward the positive values of the horizontal z-axis. It is positioned in a way such that the jets
or puffs may freely develop without interacting with the limits of the domain. Here, y is the vertical
direction, pointing upward. In simulations involving the table, the table is sufficiently large to ensure
that the flow does not interact with its borders. The horizontal extension of the table is not considered
here.

For the numerical grid, a first coarse tetrahedral mesh is generated in the three-dimensional paral-
lelepiped computational domain, with elements of edge size around 10 cm. Then, conformal meshing of
the surface is obtained inside the in-house solver, which uses a grid cutting algorithm and a subsequent
remeshing with the MMG3D mesh adaptation library (Dapogny et al., 2014) to generate the initial grid
(Grenouilloux et al., 2023), which faithfully describes the boundaries. That grid has a grid size of 1
mm close to the face of the manikin and 5 mm and the remaining surfaces, but remains coarse (grid
size approximately 10 cm) in the volume, including in the regions where the jets will develop. Due to
its coarse grid level in the volume, that initial mesh is too coarse to be used for the flow predictions. It
is refined on the fly, during the calculation, in regions where the vorticity norm is higher than a small
threshold and where the air composition differs from that of the environment. The MMG3D library is
used to adapt the grid (Grenouilloux et al., 2023). In addition, the mesh is never coarsened during the
simulation and a maximum gradient of mesh size is imposed to prevent grid discontinuities. The smallest
grid size, approximately 0.8 mm, is imposed at the exhalation location. The target grid size then varies
spatially to follow the growth of the jet. In addition, the grid is refined near the table’s surface (grid size
1 mm) to resolve the boundary layer that develops along it. For the breathing cases for instance, the size
of the first element at the table is of the order of 1-3 wall units, depending on the case. This results in
final grids ranging from 110 to 170 million elements for breathing simulations, and from 105 to 216
million elements for laughing cases. Snapshots of the grid during the simulations are shown in figure
S1 of the Supplementary Materials. To assess mesh convergence, additional simulations for all config-
urations were conducted using different target grid sizes. The comparisons between results obtained on
different grid sizes are presented in figures S3 and S5-S8 of the Supplementary Materials.

2.3. Characteristics of the simulations performed

In this study, we will successively consider nose breathing in § 3 and laughing in § 4. Their characteristics
will be discussed in detail in each section, but it proves useful to comment about their common features
and differences in the present paragraph. In nose breathing, air flow is exhaled and inhaled periodically
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Figure 2. Flow rate signals used in the simulations (solid lines: exhalation; dashed lines: inhalation):
(a) first four cycles of the signal for the nasal breathing flow with an exhaled volume of 1 [ cycle™ . The
total duration of the simulations is 80 s, which corresponds to 20 cycles of 4 s, identical to the first four
cycles displayed. Half of the flow rate is imposed at each nostril. (b) First 6 s of the flow rate imposed
for the laughing flow simulations. The exhalation signal is injected over 2 cycles of 1.5 s each, then the
emission is set to zero for the rest of the simulation (between t =3 and t = 100 s). The exhaled volume
is 1l cycle™.

at the two nostrils of the manikin. The flow rate signal for the case at 1 litre per breath is displayed in
figure 2a. For the laughing case, the flow is exhaled (and inhaled) at the mouth of the manikin. It consists
in two series of intense exhalations, followed by zero emission for the rest of the simulation, as shown
in figure 2b. Although the exhaled volume per cycle is the same for the two signals displayed in figure 2,
the peaks in the flow rate for laughing are approximately ten times higher than the maximum flow rate
in the nose breathing case. Both the nose breathing and the laughing cases generate downward flows
whose interaction with a table will be the subject of §§ 3 and 4.

No-slip (zero velocity) Dirichlet boundary conditions are imposed on the table and the manikin’s
body. The solid surfaces are modelled as adiabatic and impermeable boundaries, thus there is no mass
or heat transfer from/to the air flow and ambient environment. In particular, this applies to the body of
the emitter, so that thermal boundary layer effects are neglected, as often performed in computational
fluid dynamics (CFD) studies for transport of pathogens. In an unperturbed thermal boundary layer, the
velocities are of the order of 10 cm s~!, which is much less than the order of magnitude of the velocities
in the jets considered (a few metres per second). Note also that experiments on manikins have shown
that the velocities in the thermal convective boundary layer are decreased when the manikin is seated at
a table (Licina et al., 2014), the table screening the flow associated with the lower part of the body.

In the simulation, the temperature and relative humidity of the exhaled air has to be imposed. Data
from the literature allow us to define the typical ranges for these parameters (Bourouiba et al., 2014): 30
to 35°C and 85 %—100 %. For the nose breathing, a temperature of 32°C has been used for the exhaled
air, to render the heat exchange role of the nose. For the laugh flow, we have used a temperature of 34°C
at the mouth exit, which is often chosen in simulations (Chong et al., 2021). However, the absolute values
are only indicative, the important figures being obviously the non-dimensional numbers that quantify
the relative effects of the different physics involved which are discussed next. Relative humidity has
been set to 90 % in the exhaled air and 50 % in the ambient air, whose temperature is fixed to 25°C. The
compositions of exhaled air and ambient air are provided in terms of mass fraction in Table 1.

The different flow configurations considered (breathing or laughing) are both situations in which
a warmer flow is exhaled into an ambient flow at rest. In the study of buoyant jets, the inertial and
thermal effects can be quantified by the Reynolds number Re = UyDy/v and the densimetric Froude
number Fr = Uy/ v/g’Dy, where Uy is the jet-exit velocity, Dy is the hydraulic diameter of a nostril
(with Dy = v4S/n, and S representing its surface area), v the kinematic viscosity of air and g’ the
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Table 1. Characteristics of the exhaled and ambient air: Ty« exhaled air temperature; Typp:
Ambient air temperature; RH: relative humidity. Mass fraction of oxygen (Yo,), nitrogen (Yx,),
argon (Ya.), water vapor (Yp,0) and carbon dioxide (Yco,)

Configuration Temperature RH (%) Yo, Yn, Y Ar Yu,0 Yco,

Breathing Texn =32°C 90 0.1678  0.7196  0.0123  0.0274 0.0729
Tomp =25°C 50 0.2291  0.7478  0.0127  0.0099 0.0005

Laughing Toxn =34°C 90 0.16721 0.71703 0.01222 0.0309 0.07264
Tamp =25°C 50 02291  0.7478  0.0127  0.0099 0.0005

reduced gravity due to the density difference between the jet and the ambient fluid. Additionally, it is
useful to introduce a length scale /,,,, which represents the transition from jet-like to plume-like motion
some distance away from the jet exit

nD?
Ip = Mg/4/Bé/2 = DoFr, Qo = TUO, My =QoUy
- p; U
Bo=g’Q0, g,=g|pamb pjetl’ Fr= 0 (1)

Pamb vg' ’

where My, By are the specific fluxes of momentum and buoyancy at the jet exit, with Q¢ as the volume
flux (Fischer et al., 1979). The densities of the jet and ambient air are denoted by pj¢; and pgmp. In our
simulations, the inflow velocity is not constant, so that the time-averaged velocity during injection will
be used (Abkarian et al., 2020) as a reference velocity Uy.

3. Breathing flow

Nose breathing is first considered. Characteristics of human nasal respiration, respiration frequency,
exhaled volume and air velocities and direction vary with various factors, such as anatomy, age, pos-
ture and physical activity, etc. (Gupta et al., 2010). Here, we do not aim to examine all possible flow
conditions, we rather use values that are typical of breathing and explore the effect of some parameters,
focusing on the interaction with a horizontal table. We define a 4 s cycle, with an exhalation time of 2.4 s
(figure 2a), consistently with the longer exhalation times reported by Gupta ef al. (2010). While the flow
orientation varies according to the shape of the nose and nasal opening, here, we set the jets to be inclined
by 45° downwards with respect to the streamwise axis z and by 25° with respect to the symmetry plane
(see figure la, b). The breathing volume is varied from 0.66 to 2 1 per breath, the latter corresponding
to a heavy breathing. The flow rates are obtained by multiplying the signal shown in figure 2a of 1 1 per
breath, by a constant. The hydraulic diameter of each nostril is Dy = y4Sy/7m = 1.23 cm, with a surface
area of Sy = 1.18 cm?. Twenty cycles are computed, for a total physical time of 80s simulated.

The exhaled air is at a temperature of 32°C and the relative humidity has been set to 90 %. The
ambient air is at 25°C with a relative humidity of 50 %.

With a total volume of 1 I per breath from the two nostrils, this yields Re ~ 1450 and Fr = 25 at each
nostril exit, using the time-averaged bulk velocity. The relevant characteristics of the breathing cases
discussed in this paper, obtained by varying the flow rate or the table position, are reported in table 2.

During nose breathing, emitted particles are less than a few microns in diameter and originate from
the lower respiratory tract (Bagheri ef al., 2023). Their small size makes them readily transported by the
exhaled flow and suspended for long times in the surrounding environment (Morawska & Cao, 2020;
Netz & Eaton, 2020). The impact of evaporation on their trajectory is negligible. As a consequence,
the trajectory of the exhaled particles is determined by the flow itself, which justifies focusing on the
jet dynamics. The jet is thus seeded at constant concentration with massless tracer particles, whose
dynamics is essentially the same as the small droplets exhaled during nose breathing, allowing us to

https://doi.org/10.1017/fl0.2025.10028 Published online by Cambridge University Press


https://doi.org/10.1017/flo.2025.10028

E37-8 Kaplan et al.

Table 2. Characteristics of numerical simulations for breathing flow. The inflow signals are presented
in figure 2a. Here, Uy denotes the mean velocity of the inflow over one cycle of exhalation only, Re and
Fr: the mean Reynolds and mean Froude numbers over the exhalation time of one cycle; h,: the vertical
distance of the table to the emitter’s nose; l,,: the characteristic length of the buoyant jet; Ymin/lm
and Zay,,;, /lm: the maximum vertical penetration of the breathing jets and the associated horizontal
location, respectively

Case O (LCycle™") Uy(ms™) Re Fr h;(cm) L, (cm) h/l, Yiin/lm Zey,,. [lm

No table — 11 1.0 1.780 1449 24.87 — 30.4 - 1.312 1.669
breath™!

22cm-11 1.0 1.780 1449 2487 222 304 0.730 0.619 0.748
breath™!

32cm-11 1.0 1.780 1449 2487 322 30.4 1.058 0.896 1.163
breath™!

42cm—-11 1.0 1.780 1449 2487 422 30.4 1.387 1.183 1.440
breath™

32 cm - 0.66 0.66 1.187 965 16.56 32.2 20.2 1591 1.281 1.643
1 breath™!

32cm-21 2.0 3.563 2899 49.74 322 60.8 0.530 0.449 0.532
breath™!

characterise the cloud generated by the nose breathing over time. A snapshot of the emitted cloud at the
end of the 5th cycle is shown in figure 1a,b.

As observed for mouth breathing by Abkarian et al. (2020) in cases of periodic exhalations, each
breath feeds one exhaled flow whose characteristics are similar to those of constant turbulent jets. In
nose breathing, two main negatively buoyant jets (Turner, 1966; Fischer et al., 1979) are formed (one at
each nostril), which travel first downwards then lift due to buoyancy effects. Using the residence time
of tracers ¢,, which denotes the time since their injection, an average trajectory X (t,) of the jets can be
calculated as

. 1 2 N
X(tr)= g5 D) D %ii(tr), @
j=1 i

where X; j(t,) = (x,y,2,t,) is the coordinate vector of the ith tracer emitted from nostril j and N is the
number of tracers injected at each nostril. The symmetry of the geometry with respect to x yields an
average trajectory in the (z,y) plane (see figure 1a). We consider particles with injection times ¢; ranging
from 60 to 80 s to obtain well-converged trajectories from ¢, = 0 to 25 s, discarding the initial transient
phase, which may be particularly long.

The trajectory of the unbounded jet (no table), non-dimensionalised by the length scale I,,, = DoFr,
is shown in figure 3a. The inclined, unbounded jet is initially momentum driven and its trajectory first
follows a straight line. As the jet gradually expands in the cross-stream direction, it decelerates due to
both the entrainment of the ambient fluid and the opposing buoyancy force. Eventually, the buoyancy
overcomes the vertical component of the momentum flux, causing the jet to reach a terminal depth at
y =~ 1.31,, before going upwards, along a skewed trajectory that is best characterised by a quartic polyno-
mial (Papakonstantis and Christodoulou, 2020, see also figure S2 in the Supplementary Materials). The
length scale /,,, indeed characterises this transition from jet-like to plume-like motion. For the buoyant
jet considered here, the mean value for /,, is found to be approximately 30.4 cm.

We have seen that flows exhaled from nostrils exhibit buoyant jet-like features and may transport
particles to a potential interlocutor seated opposite to the emitter. This raises two questions: (i) How do
these flows interact with a surface placed beneath the emitter? (ii) What are the consequences of this
interaction on forward propagation of the jet and associated droplet transport?
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Figure 3. Average trajectories of breathing jets, with different origins and normalisations. (a) Cases
with and without the table, for a flow rate of 1 | breath™ (Fr ~ 25, Re~ 1450), normalised by
lm = DoFr. Horizontal dashed grey lines show the positions of the tables from the nose of the emitter,
denoted by a blue x, at the origin, (b) same trajectories as in (a) with the origin shifted at the location of
minimum height at the jets (Zay,,.,sYmin); () trajectories for cases with the table at h; = 32 cm below
the emission, normalised by h;, for different flow rates; (d) same trajectories as in (c), but normalised
by l;, and with the origin shifted at the location of minimum height at the jets (Zay,,;,s Ymin ) as in (b);
comparison with the case without table at 1 | per breath.

A key point to recall from the rare relevant impinging jet studies is that, depending on the operating
conditions — such as jet—wall separation, inclination of the flow and Reynolds number — jets are observed
to reach and attach to the surface. Clinging results from a ‘Coanda-like effect’ in the lower part of the
jet, where the presence of the wall restricts the entrainment of ambient air, thereby creating a vertical
pressure gradient that maintains the jet along the surface. Sharp & Vyas (1977) explored the conditions
that lead to the clinging of a jet (refer to figure 5 in the cited work). In the case just discussed, clinging
is estimated to occur for tables placed less than 1.6 [, (49 cm) lower than the nose. Simulations of
the interaction between breathing jets and a horizontal table are presented with three nose—wall separa-
tion heights: 4, = 22, 32 and 42 cm (which correspond to 0.73 7,,,, 1.06 [,,, and 1.39 [,,,, respectively).
Clinging is thus expected for the three cases (Sharp & Vyas, 1977).

In figure 3a, the average trajectories of the ‘table jets’ are compared with that of the free jet, at
Fr =24.87. Initially, the table jets develop as unbounded jets. Then, the interaction with the table results
in the formation of buoyant wall jets (see figure 1a and Supplementary Movie S4). When the table is
higher than the terminal height of the free jet trajectory (cases 22 and 32 cm), the jet development is
strongly constrained, yielding a shorter penetration in the vertical and the horizontal directions. For lower
table heights, the jet—wall interaction is less pronounced. First, the jet trajectory barely differs from the
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free jet in the descending region. However, due to clinging, the wall prevents the jet from lifting as in the
free jet due to buoyancy forces (Sharp & Vyas, 1977). However, the difference in forward penetration is
small.

In order to compare the trajectories of the wall jets, they are plotted with their origin shifted to the
location of the minimum vertical position (zay,,,;, ;Ymin) in figure 3b. The figure clearly shows that
the interaction with the table has modified the shape of the trajectory by bending it along the wall.
In addition, figure 3b shows that the three wall jet trajectories actually superimpose on the ascending
portion, even though the jets have interacted with the table at different distances from the source, and
thus different velocities, diameters, Froude numbers: in particular, friction forces are different, as higher
velocities are obtained closer to the wall when /4, is small: the decrease in the forward motion is thus
not related to viscous friction. We thus observe that the interaction with the table has not modified
the balance between forward transport and buoyancy. The table thus limits the forward penetration by
making the exhaled jets form a wall jet earlier in their development as the table is moved closer to the
injection.

To probe further the effect of exhaled volume on the propagation of breathing clouds, we use simula-
tions for three different exhaled volumes (0.66, 1.0 and 2.0 1 per breath, corresponding to approximately
Fr =17, 25 and 50, respectively) at constant s, = 32 cm (figure 3c). Contrary to the jets at 1 and 2 1
breath™!, which have the same descending portion, the jet with the lowest breathing volume goes up
before reaching the table and does not cling. The trajectories of the clinging jets are initially similar,
until z = 1.4h;, then they strongly depart in the ascending portion. For the largest breathed volume
(21cycle™!), a notable increase in the near-wall horizontal extent of the jet is observed. In figure 3d,
the trajectories are shifted to the location of the minimum vertical position and non-dimensionalised by
I,n, as in figure 3b. It is first found that the free jet at 1 1 breath™! behaves similarly as the case at 0.66 1
breath™! and the table at 32 cm. As ki, /I, = 1.59 for that case, our results are consistent with the exper-
imental findings of Sharp & Vyas (1977) that clinging should not occur for jets inclined at 45° when
the emission-to-surface distance is larger than k, //,, = 1.6. However, for the clinging jets, the ascending
portions of the trajectories do not match, contrary to what was observed in figure 3b. This is consistent
with the nonlinear behaviour of cling length with Fr predicted by Sharp & Vyas (1977): contrary to the
free jet case, the interaction with the table makes the shape of the trajectory of the table jets dependent
on the Froude number.

The nose breathing simulations have thus shown that periodic breathing yields the formation of two
negatively buoyant turbulent jets which interact with the table if placed sufficiently close to the emitter.
This interaction may limit the downward penetration of the jet, and also modifies its forward penetration.
Let us define as z( the forward penetration, the distance in the z direction at which the jets come back
to the altitude of the emission y = 0. For the free jet, the trajectory in figure 3a intersects y =0 at zg =
2.7 1,,, for instance. The results in terms of forward penetration z, as a function of the table distance are
displayed in figure 4. The results can be interpreted in the following way: for small values of &, /,,, the
jet is constrained in its descending motion. As it interacts with the table, it forms a wall jet, bent along
the table, but with a limited forward penetration compared with the free jet. However, when the table
is lower (here, around 1.3 to 1.4 1,,), the table may cling to the table after an unperturbed descending
phase, which yields the characteristic bent trajectory without a large effect on the forward penetration.

We now examine how the table may modify the virus intake by comparing the results for Fr = 25 with
different table positions. We aim to quantify the worst-case scenario, in which a susceptible individual is
positioned at the location of highest viral exposure. We will assume that virus intake may be modelled
by calculating the number of particles passing through a volume located around the receiver’s nose,
represented as a sphere of radius 5 cm (a volume of 0.5 1 approximately). We will assume that the height
of the emitter’s nose (y = 0) is the height at which infectious particles may be inhaled by an interlocutor.

In turbulent jets, the concentration of the discharged material decreases as the inverse of the distance
from the emission 1/s. Figure 3a shows that ‘table jets’ at s; = 22 and 32 cm return to y = 0 by travelling
a shorter distance than the free jet. Consequently, if these jets reach a susceptible individual, they would
deliver a higher concentration of infectious particles.
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Figure 4. Horizontal penetration of the jets zo, measured as the distance at which the average trajectory
reaches the emission height y = 0, normalised by l,,,. The result for each case is reported as a function
of the reduced table distance h;[l,,. The series with blue squares correspond to the results at constant
I plotted in figures 3a and 3b. The series with red diamonds correspond to the results at constant h;
plotted in figures 3¢ and 3d. The horizontal dashed line represents the terminal height of the free jet (‘no
table — 1 l per breath’).

We will first consider for each of the two jets of each case at Fr ~ 25 (shown in Figure 3a) one sphere
placed at the locations where the trajectory of the jet gets back to y = 0, as if evaluating the most adverse
placement for each configuration. In order to smooth the results, we add 4 other spheres positioned by
displacing the first one by 10 cm (twice the radius) in the —x, +x, —z and +z directions and average the
data. For each of the ten spheres (5 spheres per jet and 2 jets), the number of particles entering that sphere
is calculated over time as a proxy for virus intake, ten results are averaged, yielding a typical measure
of virus intake in the core of the jet. While the quantitative results depend on the spheres’ locations and
sizes, all of our tests estimating viral intake produce the same overall trends and conclusions. Results
are non-dimensionalised by the total number (for the two nostrils) of particles injected per cycle and
plotted in figure 5 for all cases at Fr = 25, without a table and with the three different table positions.
First, differences between the free jet and the ‘42 cm’ table jet are small. On the contrary, transmission
risks are increased in the ‘22 cm’ and ‘32 cm’ table jets by two effects: first, the time at which the first
particles reach the interlocutor’s face is smaller than for the free jet; then, the slope of the curves, which
informs us about the particle flux, indicates that the local particle concentration opposite to the emitter
tends to increase as the table distance is decreased.

In addition, we now discuss the cases of a susceptible person located this time in front of the emitter
(x =0), at different distances in the z direction. In the same way, we place fictive spherical probes of 5 cm
radius at different positions, right opposite to the emitter: (x = 0; y = 0; z = 55—95 cm). The number of
particles entering the spheres is now calculated for each case, and plotted in figure 6. At a given position,
the different cases are not ordered the same in terms of virus intake: at z = 0.55 and z = 0.65 m, the virus
intake is significantly larger for the 22-cm case, while at z = 0.95 m, the virus intake is much larger for
the 42-cm case. The virus intake indeed depends on the forward penetration of the jet, so that the position
of the maximum virus intake differs for the different cases: the closer the table, the closer the position
at which maximum virus intake is found. In addition, the closer the table, the higher the maximum
virus intake: the maximum virus intake is obtained for the 22-cm case (figure 6a), then the 32-cm case
(figure 6¢), then the 42-cm case (figure 6¢). It is also seen that the free jet behaves differently from the
others, with lower values on the centreline, which is consistent with the orientation of the jet at the nose
exit. Figure 6 also illustrates the time required for the jets to reach a steady state in terms of particle
behaviour. In particular, the trajectories of the particle clouds from the first few cycles resemble those
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Figure 5. Virus intake over time for the cases at Fr = 25, with and without a table, for a position of a
receiver in the core of the jet, where the trajectory of the jet returns to y = 0. Virus intake is modelled as
the number of tracers entering a spherical probe of radius 5 cm at the position of the receiver’s nose.
The plots are normalised by the number of particles emitted per breath (N;), which is the same for the
presented cases.

(@ 2=05m (b) 2=0.65m () 2=0.75m (d) 2=0.8m () 2=0.95m
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Figure 6. Virus intake over time for the cases at Fr = 25, with and without a table, for different positions
of a receiver in front of the emitter, modelled as the number of tracers entering a spherical probe of radius
5 cm at the position of the receiver’s nose: x =0; y=0; z=55cm (a), z=65cm (b), z=75cm (c), z =
85 cm (d), z =95 cm (e). Results are normalised by the number of particles emitted per breath (N;).

of isolated puffs rather than a continuous jet, resulting in reduced forward penetration. This transient
behaviour accounts for the different slopes observed in the virus intake over time before the system
reaches a steady state.

Interestingly, although the virus intake is lower on the centreline than along the jet direction, the
orders of magnitude reported in figures 5 and 6 are similar, which show the robustness of the results
with respect to the exact position of the receiver.

4. Laughing flow

While breathing flow is characterised by periodic exhalations at moderate Reynolds numbers, some
of the human exhalation types are shorter and faster: shout, cough, laughter, sometimes speech, not
to mention sneeze. We consider here a signal mimicking laughter, composed of 2 series several short
and high-speed exhalations directed downwards (see figure 1c). Laughter indeed generates high-speed
downward flows, as illustrated by Bhagat et al. (2020), and by an experiment shown in their movie S3
(and figure S10).

An inflow signal of 1.5 s per cycle is considered, with a flow rate profile that captures the intermittent
feature of laughing flows with high-frequency bursts generating coalescent puffs: the signal consists of
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an exhalation of 1 s with 5 peaks at 2 to 3 1s~! and an inhalation of 0.5 s (in practice, a cycle of a signal
previously used for speech (Abkarian ez al., 2020) is compressed in time and increased in magnitude so
that the exhalation lasts 1 s and the exhaled volume per cycle is 1 litre (see figure 2b). Two consecutive
cycles are computed. After the 2 cycles of injection, a large puff is formed. The simulation is continued
until 100 s without any flow rate at the mouth to isolate the dynamics of the puff.

The flow exits from an elliptic mouth surface of hydraulic diameter Dy =2.46cm and is directed
downwards, with a 45° angle (figure 1c). The exhaled air has a temperature of 7, .5, = 34°C with relative
humidity (RH) of 90 %. The flow is released into a still environment at 7, ., = 25°C and 50 % RH.

The peak velocity during the injection is approximately 7.1 m s~! and the average value during
injection is approximately 2.34 m s~!. This yields a maximum (respectively average) Reynolds num-
ber during the emission of approximately Re,,,x = 11750 (respectively Re = 3900). The densimetric
Froude number, based on the maximum (respectively average) velocity is Fr,,,x =69 (respectively
Fr =23). The characteristic length of the free flow can be calculated based on the average Froude num-
ber: l,, = DoFr =~ 57 cm. Particles with initial diameters ranging from 1 to 60 um (as will be apparent,
the dynamics of larger particles can be extrapolated from the simulations) with a uniform distribution
are injected at the inflow with an initial velocity equal to that of the gas. These particles are used as
a proxy for expiratory droplets and evaporate down to a minimum diameter. As already detailed in
§ 2.1, thanks to the one-way coupling, the dynamics of the particles is computed without an effect on
the flow. Thanks to this assumption, a large number of particles can be injected, and a uniform distribu-
tion is used. The objective is to document the fate of droplets as a function of their size. The evolution of
the particle cloud is studied in the presence of a horizontal table located 30 cm lower than the person’s
mouth (figure 1c,d), or without the table. The conditions selected yield A, /l,, ~ 0.53. Supplementary
Movie S5 illustrates the dynamics of cloud in the presence of a table.

Figure 7 shows the evolution in time of the particle cloud in both configurations. In the ‘no-table’ case
(b series), the cloud is first dominated by inertia and moves along the direction imposed at the mouth
(see figure 7b1). When buoyancy overwhelms the vertical momentum, the cloud is deflected upwards,
as shown by the dynamics of the smallest particles. The largest droplets leave the cloud early in the
descent stage and are mostly settled out of the cloud during its ascent. As in the breathing flow cases,
when a table is placed above the location of the terminal descent of the free jet (a series), the exhaled
flow impacts the table (figure 7al), which cancels its vertical momentum and limits its forward motion.
The maximum streamwise distance reached in the ‘no-table’ configuration is more than 2.5 m, but less
than 2 m in the case with the table. A number of particles deposit on the table, which will be analysed
further.

To quantify the impact of the table on the particles that may be inhaled by a person located in front
of the emitter at different distances, three spherical probes with a radius of 5 cm are placed opposite the
emitter at 50, 100 and 150 cm. Their location is displayed in figure 7. Figure 8 shows the histograms
of diameters for the particles having entered those spheres during the simulation. At short distances
(50 cm, figure 8a), the puff—table interaction does not change the results significantly. The puff passes
lower than the location of the sphere. At the distance of 1 m (figure 8b), the differences are pronounced.
While the results without the table are similar to those at the previous location, the number of particles
having passed through the sphere is an order of magnitude larger. This corresponds to the location where
the table puft lifts off the table. In that table case, few particles reach the probe at z = 150 cm (figure &c).
On the contrary, for the free jet, the maximum number of particles gathered is for the 150 cm location. In
addition, the free jet carries droplets from all the injected sizes: flow motions counteract sedimentation
and transport some of the largest droplets simulated to a height where they may be inhaled. This is not
the case for the table jet, for which the number of droplets collected decreases with the initial diameter.
In particular, droplets with an initial diameter larger than 50 um are never found to reach the probes.
The deposition of particles on the table is now examined to understand this difference.

Figure 9 shows the proportion of the particles deposited on the table over time for the table case. The
particles from the two cycles are separated (first cycle, figure 9a and second cycle, figure 9b) and the
time is shifted to the end of each cycle for comparison. The particles are grouped into 4 bins according
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Figure 7. Snapshots of particle clouds emitted during the laughing flow at 6 different time instants:
configurations with the table (1st and 3rd column; al-6) and without the table (2nd and 4th column;
b1-6). Each column shows the same configuration. Droplets are coloured by their initial diameter. The x
symbol indicates the mouth of the emitter. Three spherical probes used for evaluating the particle fluxes
at the emitter/receiver face height are displayed by o . They are located at 50, 100 and 150 cm from the
mouth exit and mimic different separation distances between two people seating at a table.
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Figure 8. Airborne particles in laughing flow: (a—c) fraction of particles passing through spherical
probes centred 50 (a), 100 (b), 150 cm (c) away from the emitter (red circles in figure 7) during the 100
s simulated, as a function of their initial diameter. Here, N, denotes the total number of particles per
bin.

to their initial diameter. First, the proportion of deposited particles increases with their size. More than
90 % of the emitted particles of initial diameter larger than 45 pm are deposited on the table at the end of
the simulation, but this ratio drops only to 20 % for the particles of initial diameter smaller than 30 pm.
In addition, the dynamics is very different: particles within the 30—60 pm range rapidly deposit after the
emission, consistently with a rapid deposition at the puff’s impact on the table, while the deposition of
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Figure 9. Time evolution of particle deposition on the table for the puffs released during laughter:
(a) first cycle; (b) second cycle. Droplets of initial diameter ranging from 1 to 60 um are divided into 4
groups, as indicated in the legend. Note that the size distribution of emitted particles is uniform. Here,
t denotes the physical time with t; representing the time of the end of emission of cycle i.

(a) di €]1,15] (um)  (b) d; €]15,30] (um) (C) di €]30,45] (um) (d) di €]45,60] (um)
1] 1 om=t=ss | ] 1 1
R |om=t=100s| {1 | ] e
107 4 10 10 1
1 1 E 1

00 05 1.0 1500 05 1.0 1500 05 1.0 1500 05 1.0 15
z (m) z (m) z (m) z (m)

Figure 10. Histogram of particles deposited on the table as a function of the streamwise coordinate
z for laughing flow. Approximately N, = 33 000 particles are injected, with a uniform distribution
between I and 60 um. Particles are grouped into 4 bins based on their initial diameter, i.e. (a) 1-15 um,
(b) 15-30 um, (c) 30-45 um, (d) 45-60 um. The vertical dashed line represents the streamwise position
of the geometric impinging point of the puffs.

the smallest particles is more progressive and characteristic of a slow sedimentation. The differences
between the particles of the two cycles is small, but in general, the deposition rate is higher for the
second cycle. We interpret this difference as an effect of the second cycle in maintaining the momentum
of the particles of the first cycle, slightly limiting their sedimentation compared with those of the second
cycle.

In figure 10, we present the density in the z direction of particles deposited over the table, integrated
over the spanwise direction x. Particles are grouped into the same 4 bins as in figure 9 and results
are plotted at 5 s, soon after the injection is completed, and at 100 s, at the end of the simulation.
The maximum deposition of the largest droplets occurs near the geometric stagnation point, which is
consistent with the deposition profile in impinging jets with large nozzle-to-surface distances (Burwash
et al., 2006). It confirms that the deposition is due to the impact of those particles due to their initial
momentum. In contrast, the deposition of smaller particles is more progressive in time and spans over
a larger region: it is associated with their sedimentation from the cloud. A peak in the density of small
deposited particles is observed below the particle cloud. Figure 10 gathers results from the two cycles
simulated, but they are separated in figure S9. Differences between the two cycles are mainly visible
for the smallest particles: the particles emitted during the first cycle are pushed further downstream and
contribute more significantly to the deposition for z 2 0.8 m.
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Overall, the table acts as a filter that collects the largest particles simulated at impact. This has a
tremendous effect on the distribution of airborne particles and explains the absence of large airborne
particles observed in figure 8 in the table case.

5. Conclusions

We have used LES to explore human expiratory flows and the associated particle transport around a
table, to understand short-range airborne transmission from asymptomatic individuals in everyday social
interactions, for example, in meetings and restaurants.

Different types of exhalations generate flows directed downwards which, in a colder medium, first
have a straight trajectory before being deflected by buoyancy forces. If a table is located above the
terminal depth reached by the puffs or jets, it obstructs the vertical penetration of flows and causes
them to deviate earlier. While the table shortens the forward propagation of the exhaled material, it also
causes the flow to reach a given downstream location sooner after injection. This can result in a higher
instantaneous concentration of exhaled material at that location, potentially increasing exposure and
transmission risk, should a susceptible individual be positioned at such a distance. We have shown that
the presence of a table introduces a new length scale #;, the distance between the nose/mouth of the
emitter and the table, which modifies the free flow dynamics as soon as it is shorter than the terminal
penetration of the flow without table. Another important result is that the non-dimensionalised trajectory
after the interaction with the table depends on the Froude number, which is not the case without a table,
but is independent on the table’s position.

Finally, the table modifies not only the trajectory of the exhaled material, but also the content of
the exhaled clouds. Indeed the interaction of the flow on the table makes the table an inertial impactor
(Marple & Liu, 1974) that collects the largest airborne particles. The table thus introduces a cutoff diam-
eter for the particles able to remain suspended and participate in airborne transmission. As the response
of inertial impactors is known to scale as the square root of the particle Stokes number (Marple & Liu,
1974), one expects that the cutoff particle diameter for impaction on the table evolves like the inverse of
the square root of the inflow velocity: the faster the exhalation, the smaller the particles remaining in the
air after impact. Interestingly, this also allows us to provide new insights into the particles that would
participate in the fomite transmission route after deposition on the table’s surface.

In our simulations, several assumptions have been made regarding droplet behaviour. Droplet dynam-
ics is modelled using a point-particle Lagrangian approach, and the simulations are one-way coupled.
This latter assumption neglects the mass transfer of water from droplets to the gas phase, leading to
an overestimation of evaporation rates. In the case of laughing, this likely results in an underestima-
tion of the predicted deposition, both with and without the table. A particularly important yet uncertain
aspect concerns the interaction between evaporating respiratory droplets and the table’s surface. To the
best of our knowledge, such interactions, especially in the late stages of evaporation when most of the
water content has been lost (Vejerano & Marr, 2018), have not been thoroughly studied. Consequently,
droplets are assumed to deposit upon contact and remain on the surface. Further investigation into the
deposition and impact dynamics, as well as the potential resuspension of droplet residues by airflow, is
necessary to enhance the accuracy and realism of simulations such as those presented here.

An interesting aspect to investigate would be the effect of the movement of the emitter during the
breathing case. In our simulation, the emitter is supposed to be fixed during the simulation, neglecting the
natural movements of humans. This certainly reinforces the interaction between the successive puffs and
favours jet-like behaviour, limiting the dispersion compared with a case with movements. Investigating
the effects of movements would be a study in itself, adding new parameters to the problem (amplitude,
frequency and directions of movement). Note, however, that averages of different receiver positions were
conducted in estimating the virus intake during breathing, so that our results do not completely depend
on the choice of the precise position of possible receiver.

Like most short-range transmission studies (Chong et al., 2021; Abkarian et al., 2020; Wang et al.,
2021c¢), we investigated how an infected individual seeds the immediate surroundings with infectious
particles, here, in the presence of a table, and use airborne concentration as a proxy to transmission risk.
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The thermal boundary layer (TBL) due to the body temperature of the emitter has been neglected, the
exhaled air velocities at the mouth/nose exit being much larger than those in the TBL, in particular in
the presence of a table (Licina et al., 2014). On the contrary, it would be necessary to account for the
TBL of a susceptible interlocutor (Giri et al., 2022; Singhal et al., 2022) if they were explicitly included
in the simulation. Indeed, including a second person in the simulation would be especially interesting
in the cases where the emitted flow is sufficiently energetic to travel along the whole table and impact
the second body. In that case, we may expect the transport of the airborne particles from the table to the
person’s face to be influenced by their TBL. Of course, air currents in the rooms associated with heating,
ventilation and air conditioning Liu et al. (2021); Bhagat er al. (2020) may also modify the droplets’
fate, and generate interesting interactions with the table and the bodies of the infected and susceptible
people.

By demonstrating the complexity of the physical phenomena at play in a relatively simple config-
uration, our study opens the way to a wide range of possibilities in short-range airborne transmission
research. It first highlights the value of investigating more fundamental flow situations, such as the
dynamics of impacting turbulent jets and puffs, or unsteady effects in inertial impactors. These situa-
tions are not only of intrinsic interest but also provide an opportunity for a thorough validation of LES.
Even simplified configurations of buoyant jet—surface interactions, such as buoyant turbulent jets with
constant flow rate, could enable more detailed analyses of the turbulent structure and the forces acting on
the jet, which were not performed in this study. Such studies would also allow for a broader exploration
across parameters like jet angle, Froude and Reynolds number, before introducing pulsatile effects. Such
a systematic exploration of the parameter space could also inform simplified, simulation-based models
(Wang et al., 2022; Yang et al., 2020) or empirical correlations, offering rule-of-thumb guidelines for
practitioners without expertise in fluid mechanics to quantify the effect of the table on the jet penetra-
tion, for instance. In addition, our study motivates further work coupling geometry, movements, flow
and thermal effects. Overall, we are only at the beginning of the investigation into the effects of geometry
settings on the transmission of respiratory diseases.

Supplementary material. Methods section and Supplementary information are available in an additional document. Five
Supplementary Movies, cited in the text, are also provided. The supplementary material for this article can be found at
https://doi.org/10.1017/f10.2025.10028.
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