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Abstract

One of the most common modes of infection transmission is through pathogen laden droplets expelled
during natural human respiratory exhalations such as speaking, coughing, and sneezing. Infection control
guidelines for the prevention of respiratory infection make assumptions about two key parameters: the safe
distance between an infected and healthy individual and the size of large and small droplets (Bahl et al.,
2020). Studies in the past have utilised flow visualisation techniques to understand the dynamics of res-
piratory flows but most of them provide only qualitative data on respiratory droplets and do not provide
sufficient detail to estimate accurate flow velocities (Bourouiba et al., 2014} |Vansciver et al., 2011} Scharf-
man et al.,[2016). One of the reasons this remains a demanding application is the vast range of droplet sizes
that are expelled at various velocities. Here, we present an experimental framework using particle tracking
to understand the flow dynamics of the expelled droplets. Three different illumination techniques were used
to capture high-speed frames of different exhalations (see figure [T). The high density of droplets in case
of sneezing lead to overlap of droplet trajectories with volume illumination approach, which was resolved
using tailored optics to illuminate only a slice of sneeze flow. Thereafter, the image processing techniques
required for precise PTV were refined to examine droplet dynamics of various exhalations (see figure [2).
The techniques were applied to multiple cases of respiratory exhalations to understand subject to subject
variability.

The results for sneezing revealed a mean droplet velocity of 2 m/s to 5.4 m/s across different subjects.
Additionally, less than 1% of droplets were expelled at velocities greater than 10 m/s and almost 80% of
were expelled at velocities less than 5m/s. These values were substantially lower than the values usually
assumed in studies modelling or replicating sneezes (Xie et al.,[2007; |Atkinson and Wein, 2008). The results
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Figure 1: Schematics of setups used to capture expelled droplets using (a) volume illumination, (b) light
sheet illumination, and (c) shadowgraph imaging.
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Figure 2: Velocity associated with droplets expelled during (a) Sneezing, and (b) Singing

also revealed a high variation in the droplet dynamics, even among the sneezes from the same subject. Flow
direction, spread angle, and head movement were also quantified, and the results reveal substantial variation
between the subjects. In the case of coughing, maximum droplet velocities observed were in the range of
10 — 15 m/s however, these high velocities were detected only during the initial 0.05 s.

This work addresses the critical gaps in the understanding of the respiratory transmission of infection by
providing valuable data on the droplet dynamics of various exhalations, on which the experimental data was
very limited in the existing literature. Furthermore, this data will aid in numerical modelling of respiratory
flows, particularly for sneezes, as studies to date rely only on airflow data of the exhalations.
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