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Abstract
There is a lot of discussion underway with conflicting opinions examining the airborne nature of
the SARS-CoV2 virus. Surprisingly, important phenomena prevalent with respect to aerosols
(suspended droplets) have not been considered. In this Technical Note, we propose a
methodology for the coupling of aerosol phenomena (such as evaporation, particle transport
accounting for drag) to accurately establish the lifetimes of the droplets. A characteristic time
analysis illustrates the time scales for evaporation and settling: for example, the characteristic
time for evaporation of a 10 µm droplet is 0.036 s at a relative humidity of 25%; compared to a
settling time of about 500 s. For any particle smaller than ~ 100 µm, the evaporation of the
emitted or exhaled droplet has to be considered. Coupling evaporation of the droplet as it settles,
we estimate the horizontal distance traversed. Trajectories of a 10 µm and 100 µm particle
emitted with a typical initial velocity of release associated with coughing and sneezing indicates
the greater spread in the horizontal direction when evaporation is accounted for. The life time of
the 10 µm particle increases from 8.3 min to 12 hours (will be intercepted prior and the actual
airborne time will then be shorter); and for a 100 µm particle from 4.9 s to 39.4 s.
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Introduction
The highly infectious SARS-CoV-2 novel coronavirus has resulted in a pandemic leading
to the Corona Virus Disease 2019 (COVID-19). More than a million people are already
impacted, with infected numbers expected to go up. There are three possible pathways
conjectured for infection: direct contact (e.g. handshaking, kissing) with an infected individual;
indirect mode via fomite (e.g. contact with objects contaminated with the virus and then entry
through the nose or mouth); and airborne mode where an individual inhales aerosols containing
the viable virus followed by deposition in the respiratory tract. While there is a clear
understanding of reducing the spread by physical distancing and hand washing, there is not a
clear mechanistic understanding of the airborne spread of this virus and remains a point of
contention. The first clarification is on the use of the term aerosol: by definition it is a suspension
of particles (including droplets) in a gaseous medium, in this case, air. Both large particles or
droplets (e.g. from coughing or sneezing) and smaller particles (e.g. resulting due to evaporation)
are both aerosols as long as they remain airborne. Large particles or droplets will have a shorter
lifetime and deposit (due to aerosol phenomena of settling), whereas smaller particles or droplets
will remain airborne longer. The fate and transport, and resultant lifetime of the airborne
particles and droplets are to be determined by using concepts of aerosol physics.
There are many studies conducted on the airborne spread of viruses causing diseases such
as SARS and measles, however none of the studies (Tellier et al., 2019; Kutter et al., 2018)
couple the transport characteristics with the aerosol dynamics of the droplet. Modeling studies
have ranged from simplistic to complex ones using CFD to unravel the airborne spread (Yu et
al., 2004). While several have reported potential airborne transmission (Service, 2020) and
reasonably long airborne life times of 3 hours of the SARS-CoV2 virus in laboratory studies (van
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Doremalen et al, 2020), others have reported disagreements by experts (Lewis, 2020). A glaring
omission in all these studies is a coupling of the aerosol phenomena (such as evaporation,
particle diffusion) to accurately establish the lifetimes of the droplets. This technical note
presents the results of those calculations
Methodology
The governing equation for particle diameter (dpi) change is given by
𝑑𝑑𝑝,𝑖
4𝐷𝑣 𝑣𝑚
=
(𝑅𝐻 ∗ 𝑃𝑠𝑎𝑡 − 𝑃𝑑,𝑖 )𝐹(𝐾𝑛)
𝑑𝑡
𝑑𝑝,𝑖 𝑘𝐵 𝑇
4𝜎𝑣𝑚
𝑃𝑑,𝑖 = 𝑃𝑠𝑎𝑡 ∗ (1 − 𝑥𝑠𝑜𝑙𝑢𝑡𝑒,𝑖 ) ∗ exp (
)
𝑑𝑝,𝑖 𝑘𝐵 𝑇
where Dv is the diffusivity of the vapor (water), vm the molecular volume, RH the relative
humidity, Psat the saturation pressure of water vapor, Pd,I the vapor pressure at the droplet surface,
and Kn is the Knudsen number. The settling time is calculated by using the settling velocity
expression
𝒖𝒆𝒙𝒕 =

𝑚𝑑𝑟𝑜𝑝𝑙𝑒𝑡 (𝑔)
𝐹𝑒𝑥𝑡
=
𝑓
3𝜋𝜇𝑑𝑝 𝐶

Where 𝜇 is the viscosity of the medium (air) and C is the Cunningham slip correction factor.
The two equations are coupled (as the diameter of the droplet is changing) and is used to solve
for the trajectory of the particle.
Results
The characteristic time for evaporation of a 10 µm droplet is 0.036 s at a relative humidity of
25%; compared to a settling time of about 500 s. Figure 1 (left) outlines a comparison of the
evaporation time and the settling time for droplets ranging from 0.1 to 1000 µm; and as
illustrated, for any particle smaller than ~ 100 µm, the evaporation of the emitted or exhaled

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 April 2020

doi:10.20944/preprints202004.0523.v1

droplet has to be considered. Coupling evaporation of the droplet as it settles, we estimate the
horizontal distance traversed (Dhawan and Biswas, 2020). The emitted particle (or droplet) will
decrease in particle size, thus increasing the horizontal distance traversed and its airborne
lifetime (Figure 1(right)).

Figure 1 (Left). Representative evaporation time and settling time calculated for droplets of
different initial sizes. A guideline is that for any droplet less than 100 µm, evaporation cannot
be neglected. (Right) Trajectories of a 10 µm and 100 µm particle emitted with a typical initial
velocity of release indicating the greater spread in the horizontal direction when evaporation
(solid line) is accounted for. The life time of the 10 µm particle increases from 8.3 min to 12
hours (will be intercepted prior); and for a 100 µm particle from 4.9 s to 39.4 s.

There are three conditions, sneezing, coughing and exhaling(breathing) under which a
symptomatic or asymptomatic individual will release droplets potentially with the virus. The
following are typical size distribution parameters of the droplet size distributions
Particle Size Distribution of Emitted Droplets

Ntotal (# / m3)

Speaking (Breathing)

Coughing

Sneezing

Chao et al (2009)

Chao et al. (2009)

Duguid (1946)

1.51 x 105

2.37 x 106

2.74 x 108
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Geometric Mean Size(µm)

16.3

13.4

8.86

Geom. Std Deviation

3.6

3.48

2.21

From the resultant size distributions of all three cases, it is clear that evaporation of the droplet
has to be considered. The aerosol dynamics (such as droplet evaporation) coupled to particle
transport models (settling, diffusion) will provide accurate estimation of lifetimes and help
propose strategies to minimize the spread of this highly communicable disease. The governing
equation which gives the size distribution function, n is (Bai and Biswas, 1990)
𝜕𝑛
𝜕𝑡

+ 𝛻. (𝑣
⃗⃗⃗⃗𝑝 𝑛) − 𝛻 2 (𝐷 𝑛) = −

𝜕(𝐺𝑛)
+
𝜕𝑣

1

𝑣

𝐼(𝑣 ∗ )𝛿(𝑣 − 𝑣 ∗ ) + 2 ∫0 𝛽(𝑣 − 𝑣̂, 𝑣̂)𝑛(𝑣 − 𝑣̂, 𝑡)𝑛(𝑣̂, 𝑡)𝑑𝑣̂ −
𝑣

𝑛(𝑣̂, 𝑡) ∫0 𝛽(𝑣, 𝑣̂)𝑛(𝑣̂, 𝑡)𝑑𝑣̂

The second term on the LHS is the transport due to the fluid flow and gravity, the third accounts
for diffusional transport. The RHS terms account for evaporation, nucleation (formation), and
coagulation terms, respectively. Models that also account for the survivability of the virus
during transport of emitted droplets has to be considered (Hogan et al, 2006); and controlled
experiments to validate them with robust measurement tools (Li et al., 2017) have to be
conducted (Dhawan and Biswas, 2020).

References:
Bai H. and Biswas P. (1990) J. of Aerosol Sci., 21, 629-640.
Chao et al. (2009) J. of Aerosol Sci., 40(2), 122-133.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 April 2020

doi:10.20944/preprints202004.0523.v1

Dhawan S. and Biswas P. (2020) Prediction of lifetime of viral agents released in cough,
sneezes and during breathing: Detailed aerosol dynamics based modeling. AAQRL Laboratory
Notebook, paper in preparation for submission.
Duguid (1946) Epidemiology & Infection, 44(6), 471-479.
Hogan, C. J., Kettleson, E. M., Ramaswami, B., Chen, D. R., and Biswas, P. (2006) Anal.
Chemistry, 78, 844-852.
Kutter J.S.,, Spronken M., Fraaij P., Fouchier R.A., Herfst S. (2018) Curr. Opinion in
Virology, 28, 142-151.
Lewis D. (2020), Is the coronavirus airborne? Experts can’t agree, Nature, 580, April 2.
Li, J., Leavey, A., Wang, Y., O’Neil, C., Wallace, M. A., Burnham, C. D., Boon, A. C.,
Babcock, H., and Biswas, P. (2017) J.of Aerosol Sci., 115, 133-145.

Service, R.E. (2020) You may be able to spread coronavirus just by breathing, new report
finds; Science, News, April 2, 2020.

Tellier R., Li, Y., Cowling B. and Tang J.W. (2019) BMC Infectious Diseases, 19, 101.

van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A, Williamson BN,
Tamin A4, Harcourt JL, Thornburg NJ, Gerber SI, Lloyd-Smith JO, de Wit E, Munster VJ,
(2020) New Engl. J of Medicine, March 17, 2020.
Yu, I.T.S., Li, Y., Wong, T.W., Tam, W., Chan, A.T., Lee, J.H.W., Leung, D.Y.C., Ho,
T. (2004) New Engl J Medicine; 350:1731-1739.

