
The Major Role of Fluid Mechanics in 
Respiratory Drop Dispersion

Taeibi Rahni M*

Sharif University of Technology, Iran

Objectives
Over the past four decades, development and application of CFD have changed the study 

of fluid dynamics drastically, especially in multiphase flows. Of course, it has also been used to 
simulate in details formation, spread, and deposition of coronavirus carrying drops. According 
to recent studies, respiratory drops are the principal factor in transmission of infectious 
respiratory diseases [1-4]. Thus, WHO has recommended maintaining social distance, 
wearing facemasks together with regular hand washing, and some use of appropriate personal 
protective equipment by medical staff in patient care places [5-7]. In addition, some engineers 
have investigated the mechanisms of formation of respiratory drops and their motion after 
exhalation [8]. Formation and dispersion of respiratory drops include all processes related 
to such complex fluid flow, e.g., turbulent jet flow, fluid instability due to high-velocity air, 
mucus/saliva breakup, and then drop formation [9]. Analysis of each process from the 
interaction between air and mucosa to the fragmentation of the liquid sheet, evaporation/
deposition of drops, and virus transmission is possible by CFD as a powerful tool for analyzing 
various physical situations. CFD has revolutionized numerical studies of physical phenomena 
related to complex fluid flows in about the past 40 years. Not only does it collaborate in design 
and manufacturing of high-quality medical equipment or in high ventilated indoor spaces by 
analyzing the behavior of bio-aerosols, but it also helps relevant organizations and institutions 
in updating their social rules during the pandemic [10]. Unfortunately, all processes such as 
sneezing, coughing, talking, laughing, and breathing induce respiratory drops [11]. During 
exhalation, these drops are transferred to outside environments. 

Larger drops deposit on the ground, and the rest can remain suspended in air for many 
hours. Human respiratory exhalation is a multiphase turbulent jet flow which is sometimes 
referred to as a respiratory cloud [12]. This cloud includes particles containing saliva and 
mucus covering the surface of the respiratory system. It can move several meters downstream 
of the patient face due to the effects of temperature gradient, buoyancy, air current, humidity, 
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Abstract

The covid-19 pandemic has caused unpredictable damages to economy, trade, tourism, aviation, etc. In 
addition, lockdowns have led to social isolation, depression, loss of income, mental health problems, 
etc. On the other hand, this pandemic is more deadly than the previous ones, such as SARS and MERS. 
Unfortunately, according to the latest report of the World Health Organization (WHO), as of 14 August 
2021, there have been more than 206 million confirmed cases of COVID-19 patients, including up to 4.3 
million deaths globally. Although medical researchers have developed and mass-produced some useful 
therapies, like drugs and vaccines for control of its spread, engineers have presented some methods, 
as non-pharmacological solutions, to reduce disease transmission. In this context, some engineers have 
taken part in assessing the dispersion of respiratory drops. Due to still unknown and non-deterministic 
medical approaches, Computational Fluid Dynamics (CFD) has been extensively used to study the 
formation and dispersion of respiratory drops, which leads to infectious disease transmission.
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ventilation, shear force due to the shear layer developed, etc. 
Different sizes of respiratory drops are such that their diameters 
vary from about 1-2000 [13]. Although these drops are so small 
that they cannot be seen with naked eyes, they are large enough to 
carry the coronavirus along [14]. Note, drops larger than about 100 
deposits on ground or on nearby surfaces under the influence of 
gravity up to about 1 meter from mouth after a ballistic motion [15]. 
However, smaller drops are suspended in air and can move much 
farther downstream. In addition, some respiratory drops evaporate 
during their transport. Note, such drops consist of 10.4% NaCl and 
89.6% water [16] and so their evaporation processes continue until 
their diameters become about 30 to 20% of their original sizes 
[17]. These particles are called droplet nuclei, which are the most 
significant factors in transmitting disease from an infected person. 

Many numerical studies have been performed to evaluate the 
factors affecting drop evaporation. According to previous studies, 
evaporation rate depends on the differences between saturated 
vapor pressure of the drop surface and that of ambient vapor 
pressure, mass diffusion coefficient, and relative velocity between 
drop and surrounding air [18]. Of course, evaporation is also 
affected by ambient temperature and relative humidity [19]. The 
dependence of evaporation on temperature and relative humidity 
in different climates and different geographical areas lead to 
various respiratory drop transmission rates [20,21]. 

According to previous studies, airborne particles move further 
distances in higher relative humidity if air temperature is kept 
constant [22]. Also, an increase in temperature will lead to increase 
in evaporation rate, which causes respiratory drops to travel less 
distances (for constant environmental relative humidity). Ambient 
airflow can also affect respiratory particles directly. Some previous 
simulations have considered wind flow and examined its effects on 
drop transmission and thus social distancing [23,24]. They found 
that if wind blows in the respiratory process direction, the resulting 
particles transfer to much greater distances [25]. Therefore, air 
current can increase the number of people exposed to respiratory 
drops. In addition, high airflow velocity can cause turbulence and 
thus, more particle dispersion leading to an increase in chance 
of new infections. Besides, motion and temperature of human 
bodies also affect spread of respiratory drops [26]. Thus, in closed 
and crowded places, such as in airplane and in trains suitable 
air-conditioning is very crucial [27]. Another word, by designing 
proper ventilation, indoor air can be kept fresh such that particle 
dispersion can more easily be controlled [28].

Future Outlook
So far, many numerical studies have been performed on 

respiratory processes and some features of respiratory events have 
been almost entirely investigated. For instance, factors affecting 
formation of drops, such as Kelvin-Helmholtz/Rayleigh-Taylor/
Rayleigh-Plateau instabilities, secondary drop breakup, and 
viscoelasticity of mucus and saliva in their breakup, factors affecting 
the number of particles such as gender and age, factors affecting 
drop displacement and dispersion, such as air temperature, airflow, 
ventilation system, relative humidity, and impact of facemasks have 

been previously studied. However, some problems such as effects of 
vocal loudness, distribution of respiratory drops related to healthy 
and infected individuals, importance of atmospheric stability in 
drop dispersion, transmission of drops during days or nights and 
their effects on social distances, factors affecting deposition of 
respiratory drops during cleaning and laboratory activities, and 
repetitive sneezing/coughing have not received enough attention. 
So, several related projects can still be proposed.
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