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Abstract

Droplets and aerosolized viral particles expelling from the body through coughing or sneezing and it is
spreading to nearby surroundings. Two-phases, three-dimensional, Computational Fluid Dynamics (CFD)
model using Reynolds Average Navier Stokes (RANS) equations has been developed to simulate the air
flow and the transport and dispersion of the aerosolized viral particles and fine droplets suspended in the
air particles through the office. The study presents two cases involving the spreading limits and pathways
of the aerosolized viral particles and fine droplets suspended in the air in a place; without and with air
conditioning unit. The results showed that the use of air conditioning systems can increase the chances of
spreading COVID-19 virus infection. The air-conditioning unit recirculates the same air inside a room, and
this has the potential to create a virus-laden environment. Air circulation indoors such as using air
conditioning units should be avoided in closed places. Existing ventilation systems should be expanded to
include extraction and air filtration systems and/or germicidal, ultraviolet light. Also, opening a window
can help bring in fresh air from the outside and disperse stale air inside, and that could help reduce the
possibility of the spread of the virus particles in the closed place. Lastly, crowds of people in closed public
places should be avoided. This work is beneficial for the ventilation strategy design for mitigating COVID-
19.
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1. Background

First, it's important to understand that the virus that causes COVID-19 is primarily spread through droplets
when an infected person coughs or sneezes, according to the World Health Organization (WHO). The
agency said that as a precaution, you should ensure "appropriate ventilation to reduce the risk of propelling
droplets between spaces, especially from an infected person's space to that of others." "The use of fans and
single air conditioning units in an indoor space where the space is shared by multiple people could,
potentially, facilitate the dispersion of infected droplets," it said. That means that if someone who has the
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virus coughs or sneezes, and there's a fan in the room, the fan could potentially spread droplets further than
they'd normally go [1].

According to the information available so far, the main way to transmit the Covid 19 virus between humans
is through the human body's respiratory system absorption of liquid granules containing the virus. These
liquid granules are produced by breathing, coughing, sneezing and speaking, and based on their size; it is
possible to differentiate between being drops or atmospheric dust. The size of the droplet particles is one
of the main factors that determine how the virus is transmitted. Are the particles large enough to be pulled
down by the force of gravity? Or is it small enough for air to carry? [2].

The researchers found that wearing a cotton mask to cover the mouth and nose results in the droplets
reaching only a meter and a half when sneezing [2,3].

If a person does not wear a mask while sneezing, the spray can spread beyond two and a half meters within
one second. It can even reach a maximum distance of about eight meters, according to the movement of
air surrounding the person [2-4].

The researchers recommended that a mask should be worn inside closed rooms, stressing that "even the
simplest covers for the mouth and nose can provide basic protection in the event that there is more than
one person in one room." [5-8].

2. Airborne Transmission of COVID-19

Aerosols are the smallest suspended particles and droplets in the air, which are smaller than five
micrometers. When breathing out, speaking, or laughing, this fine mist spreads throughout the room. The
larger droplets quickly fall to the ground, but the finest particles can remain suspended in the air for hours
— especially in closed rooms. If an infected person stays in such a closed room, he can infect many others
in a very short time — without ever having direct contact with them. But the worst-case scenario could
happen with an air conditioning system in the room, which spreads the virus throughout the room within
seconds, while keeping the windows closed [9].

Many scientists have found that the virus spreads, not only through a droplet-borne infection and direct
contact, but also that it can spread by small particles over long distances in the air. However, scientists
have not been able to actually conclude this theory and all that has been proven is that parts of the viral
DNA are bound to these small particles [10].

Other laboratory studies suggest that aerosols of SARS-CoV-2 remain infectious for longer than do
aerosols of some related respiratory viruses. When researchers created aerosols of the new coronavirus,
the aerosols remained infectious for at least 16 hours, and had greater infectivity than did those of the
coronaviruses SARS-CoV and MERS-CoV, which cause severe acute respiratory syndrome and Middle
East respiratory syndrome, respectively [11, 12]. Experiments done for aerosolized severe acute respiratory
syndrome coronavirus 2 and determined that its dynamic aerosol efficiency surpassed those of severe acute
respiratory syndrome coronavirus and Middle East respiratory syndrome. Although they performed
experiment only once across several laboratories, they findings suggest retained infectivity and virion
integrity for up to 16 hours in respirable-sized aerosols [12].

Many researchers reached the conclusion that the live, whole viruses of Corona can stick to an aerosol,
which also makes the air contagious [13, 10]. A study conducted on patients with COVID-19 disease
concluded that air samples taken at a distance of two to five meters from Corona patients in a hospital,
despite the large distance, contain the Covid-19 virus in the air samples [10]. The study added that samples
taken directly from the air were identical to the genome of these sick people.

A group of 239 researchers has called for an update of COVID-19 guidelines, as transmission via ultra-
fine suspended matter in the air was not sufficiently taken into account [14]. Now the WHO also sees the
danger [9].

3. CFD Modeling and Analysis

Computational Fluid Dynamics (CFD) is the sciences of predicting fluid flow, heat transfer, mass transfer,
phase change, chemical reaction, mechanical movement, stress or deformation of related solid structures,
and related phenomena by solving the mathematical equations that govern these processes using a
numerical algorithm on a computer. The results of CFD are relevant in: conceptual studies of new designs,
detailed product development, troubleshooting, and redesign. CFD complements testing and
experimentation, by reduces the total effort required in the experiment design and data acquisition. CFD
complements physical modeling and other experimental techniques by providing a detailed look into our
engineering problems, including complex physical processes such as turbulence, chemical reactions, heat

ISSN 2076-2895 (Print), ISSN 2076-2909 (Online) ©2021 International Energy & Environment Foundation. All rights reserved.



International Journal of Energy and Environment (IJEE), Volume 12, Issue 2, 2021, pp.63-72 65

and mass transfer, and multiphase flows. Simulations can readily be done of physical phenomena that are
difficult to measure, for example, full scale situations, environmental effects and hazards. In many cases,
we can build and analyze virtual models at a fraction of the time and cost of physical modeling. This allows
us to investigate more design options and "what if" scenarios than ever before. Moreover, flow modeling
provides insights into our fluid flow problems that would be too costly or simply prohibitive by
experimental techniques alone. The added insight and understanding gained from flow modeling gives us
confidence in our design proposals, avoiding the added costs of over-sizing and over-specification, while
reducing risk [15, 16].

There are many advantages in considering CFD. Firstly, the theoretical development of the computational
sciences focuses on the construction and solution of the governing equations and the study of various
approximations to these equations. CFD presents the perfect opportunity to study specific terms in the
governing equations in a more detailed fashion. New paths of theoretical development are realized, which
could not have been possible without the introduction of this branch of computational approach. Secondly,
CFD complements experimental and analytical approaches by providing an alternative cost-effective
means of simulating real-life system. Particularly, CFD substantially reduces lead times and costs in
designs and production compared to experimental-based approach and offers the ability to solve a range
of complicated problems where the analytical approach is lacking. These advantages are realized through
the increasing performance power in computer hardware and its declining costs. Thirdly, CFD has the
capacity of simulating flow conditions that are not reproducible in experimental tests found in geophysical
and biological fluid dynamics, such as particles spread scenarios, nuclear accident scenarios, or scenarios
that are too huge or too remote to be simulated experimentally (e.g., Indonesian Tsunami of 2004).
Fourthly, CFD can provide rather detailed, visualized, and comprehensive information when compared to
analytical and experimental fluid dynamics. Actually, one of the main advantages of CFD is that the user
has an almost unlimited choice of the level of detail of the results [15, 16].

3.1 Computational domain

The airflow and the transport and dispersion of the aerosolized viral particles and fine droplets suspended
in the air particles through the office have been used as a case study. The geometric arrangement used in
this study is presented in Figure 1.

3.2 Modeling equations

For room air motion the driving forces are pressure differences, which are caused by wind, thermal
buoyancy, mechanical ventilation systems or combinations of these. The characteristics of indoor air flow
are low velocity and high turbulence intensity. Room air flow can be considered incompressible as
velocities tend to be low, in the order of meters or centimetres per second (at Mach numbers less than 0.3,
i.e. velocity about 100m/s, air may be considered incompressible). Like many common fluids such as
water, air is a Newtonian fluid, displaying a linear relationship between shear and strain rate. When
applying CFD, the Navier-Stokes equations are derived by applying the principles of conservation of mass
and momentum to a control volume of fluid, conservation of thermal energy and mass for a contaminant
species may also be applied.

Three dimensional, Two-phases, Computational Fluid Dynamics (CFD) model using Reynolds Average
Navier Stokes (RANS) equations has been developed to simulate the air flow and the transport and
dispersion of the aerosolized viral particles and fine droplets suspended in the air particles through the
office. The wind environment is governed by the conservation laws of mass and momentum. The flow is
assumed to be incompressible Newtonian fluid with constant density. Based on the above assumptions, the
Reynolds average Navier—Stokes (RANS) equations are as [7, 8];

PZ—S+ pU.VU+V.(pu‘Tu’)= —VP + V. H(VU_|_(VU)T) +F W
pV.U =0 o
where U is the averaged velocity field and ® is the outer vector product.

The turbulent viscosity is modeled using k- model as;
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k2
Ht = pcu? ©)
where C,, is a model constant, k is the turbulent kinetic energy, and € is the turbulent dissipation rate.

The transport equation for k is;

ok
pa+pu.V.<(u+i—DVk>+Pk—pe 4)
where the production term is;

Py = ur (Vu: (Vu+ (vu)T) — % (V. u)z) - gka. u (5)

The transport equation for € is;
Fi] 2
pa—i+pu.Vs=V.<(u+i—:)V£>+C81§Pk—C82p% (6)

where C.q, C¢y, 0¢, O} are model constant.

The particle momentum comes from Newton's second law;
d
3t (MpV) = Fp + Fg + Fexe D

where mp is the particle mass [kg], v is the velocity of particle [m/s], FD is the drag force [N], Fg is the
gravitational force vector [N], Fext is any other external force [N].

The drag force (FD) is defined as;

Fp = (2) mp@-v) ®)

Tp
where Ty, is the particle velocity response time [sec], u is the fluid velocity [m/s]
The fluid velocity used in the drag force in turbulent dispersion becomes;
u=U+u ©)

where U is the mean velocity and u' is a turbulent fluctuation defined as;

u =g [ (10)

where k is the turbulent kinetic energy, and @ is a normally distributed random number with zero mean
and unit standard deviation.

The gravity force is given by;

(pp_p) (11)

Fg =mpg o

Where p, is the particle density [kg/m?], p is the density of the surrounding fluid [kg/m?], and g is the
gravity vector.

ISSN 2076-2895 (Print), ISSN 2076-2909 (Online) ©2021 International Energy & Environment Foundation. All rights reserved.



International Journal of Energy and Environment (IJEE), Volume 12, Issue 2, 2021, pp.63-72 67

3.3 Computational grid

The governing equations were discretized using a finite-volume method and solved using an academic
edition of multi-physics computational fluid dynamic (CFD) package. Stringent numerical tests were
performed to ensure that the solutions were independent of the grid size. A computational quadratic mesh
consisting of a total of 302405 domain elements, 17886 boundary elements, and 1099 edge elements was
found to provide sufficient spatial resolution (Figure 2). The coupled set of equations was solved
iteratively, and the solution was considered to be convergent when the relative error was less than 1.0x10¢
in each field between two consecutive iterations.

Figure 1. Three-dimensional computational domain.
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<

Figure 2. Computational mesh of the computational domain.

4. Results and discussion

Building ventilation strategies that are effective can be designed by understanding respiratory transmission

dynamics and risk factors. The dynamics of transmission have three primary parameters:

e Source: a cough or a sneeze, for example. The location and duration of the original ‘event’ must be
understood, as well as its composition (size of particles, droplets, moisture content, trajectory).

e Transport and Deposition: how the source material is transported in space and where it is deposited.
This is highly dependent on the room airflow distribution and movement. The HVAC and any natural
ventilation further influence this through windows, infiltration, and occupant behaviour.
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Understanding a detailed view of the room airflow characteristics is, therefore, critical for adequate
ventilation and covered in further detail below.

e Exposure: how an occupant is exposed to the source material. This could be as an aerosol, thus
inhaled, and is considered to be the primary mechanism of exposure leading to potential transmission.
Larger (heavier) droplets and surface contacts from fomites can also be significant contributors to
exposure, although these are not as well-understood.

It is evident that aerosol behaviour and transport are two of the most important variables, both parameters
that are influenced by airflow, making CFD an excellent tool for further analysis.
Figures 3 and 4 show the air movement in a place for two cases; without and with air conditioning unit.
The results illustrate the role that the air conditioning unit plays. Unlike when you open a window and
allow air to pass through, air-conditioning unit recirculates the same air inside a room.
Droplets and aerosolized viral particles expelling from the body through coughing or sneezing and it is
spreading to nearby surroundings. Once a virus is hanging in the air, and as we know that the coronavirus
can linger for hours, it will travel with air currents and this would the potential to create a virus-laden
environment. Spreading limits and pathways of the aerosolized viral particles and fine droplets suspended
in the air in case when the person is in a place for two cases, without and with air conditioning unit, are
shown in Figures 5 and 6 respectively.
The results are clear illustrated that the use of air conditioning systems can increase the chances of
spreading virus infection. The main problem is that many people admit to not being able to wear a mask
all the time in the workplace. The use of air conditioning systems, as shown from the results of this work,
can increase the chances of spreading virus infection. The easiest and least expensive way is to freshen the
air by opening the windows to let fresh air in from outside. However, if this is difficult to do, air-sterilizing
filters must be used in air conditioning systems to remove virus particles in the air.

/

Figure 3. Air movement in a place without air conditioning unit.
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Figure 5. Droplets and aerosolized viral particles expelling from the body through coughing or sneezing
and it is spreading to nearby surroundings. Spreading limits and pathways of the aerosolized viral
particles and fine droplets suspended in the air in case when the person is in a place without air
conditioning unit.
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Figure 6. Droplets and aerosolized viral particles expelling from the body through coughing or sneezing
and it is spreading to nearby surroundings. Spreading limits and pathways of the aerosolized viral
particles and fine droplets suspended in the air in case when the person is in a place with air conditioning
unit.

5. Conclusion

CFD simulation can ensure sufficient ventilation is achieved in offices, enabling more informed decision-
making when attempting to manage infection rates of COVID-19 in indoor spaces. CFD simulation can
also be used to test ventilation strategies of large and complex structures. This ability is helpful for the
design of new buildings and when considering refurbishment and mitigation strategies for existing
buildings. The results of study showed that COVID-19 spread faster with air-conditioning systems. Air
circulation indoors such as using air conditioning units should be avoided in closed places. Existing
ventilation systems should be expanded to include extraction and air filtration systems and/or germicidal,
ultraviolet light. Also, opening a window can help bring in fresh air from the outside and disperse stale air
inside, and that could help reduce the possibility of the spread of the virus particles in the closed place.
Lastly, crowds of people in closed public places should be avoided.

Disclaimer

The views and opinions expressed in this article are those of the author and do not necessarily reflect the
official policy or position of any agency/institution.
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