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Introduction

Numerical simulation is a tool that provides a prediction of a physical phenomena, reducing the need of physical tests. To predict and visualize the spread of
the Covid-19 virus from the nose and mouth, simulations of expelled and expired water particles were performed.

The study was performed in Ansys Fluent® software in a 2D environment. The developed models need physical variables that were previously researched. To
have confidence in the results, the convergence of the models is always verified, and only later the optimization of the models can be performed.
Some conditions of the flow are complex and need to be defined by a User Defined Function, such as the velocity of the respiration profile, combined with
sneeze or cough.

Through the description of the DPM iteration intervals, which allows control over the frequency at which the particles are tracked, it is possible to have a
report of the particles that are injected and how they propagate in space, that is, if they evaporate, stay trapped or escape outside the analysis domain (1m?2).

Materials and methods

Table 1 - Variables used for numerical models
Initially, a stationary analysis of particles expired by the nose and
expelled by the mouth was performed, modeling a simple nose and

Variables Value

mouth geometry. At a later stage, some parameters were corrected and a Flow 0,01 [2] Kg/s

transient analysis was performed. In both analyzes (mouth and nose in o . .

transient and static state) the conditions were exposed in table 1: Minimum particle diameter le-6 m
In an intermediate phase, the study of the trajectory of the particles Average particle diameter 5e-5 m

when they are exhaled by the nose during breathing was carried out with

the implementation of the respiratory cycle. Equation 1 shows the Maximum particle diameter 0,001[1] m

function used for the velocity at entry, v (t), corresponding to a breathing

cycle of a healthy adult. [3] Velocity X 1[2] m/s

(t) = O,855in(f—;) (1) Velocity Y -0,6755[2] m/s

Subsequently, having the respiratory cycle implemented, two UDF's were created:

UDF 1 - occurrence of a sneeze, using equation 2; v(t) = 1oexp(=22t) 2)

UDF 2 - occurrence of a cough period, using equation 3. v(t) = 1lexp(—32t) + 0.27 (3)

The respiratory cycle simplified as a sinusoidal from equation 1 is presented in Figure 1. The next study addresses the particle dispersion when a sneeze
and cough occur. Since the velocity and input angle vary, mouth and nose were studied separately. In the latter study, particles had a greater propagation, as
observable in Figures 2 and 3, that refer to the path of the particles exited from the mouth, sneezed and coughed, respectively.

particle-tracks -4 particle-tracks-4

B0e-! = 3.50e-01
Fate Number [ : . ate umber Sdosor Fate Number

240201 ‘ Evaporated 101 G
17001 = Escaped - Zone 5 62 oot
100201 Escaped - Zone 14 113 o001

Trapped Zone 7 84 =

aporated 251 Aoeos Evaporated 189
g Escaped - Zone 5 12
3.00e-01
295 (s) Escaped - Zone 6 240
Escaped - Zone 7 205
155 : Trapped Zone 8 186
et 832 ] | met 832
Jected 884 ’ Injected 834

NN N
o000 o0
2 3 3 3
D ™™ D
[N
=
L]
L]

Net 360|
Injected 360

== = mmmm |
= [ T ¥ T ¥ B
(sl sl

Figure 1 - Study of the path of particles along a Figure 2 - Study of particle path during a sneeze Figure 3 - Study of particle path during a cough and
respiratory cycle and DPM summary report and DPM summary report DPM summary report
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