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Introduction

e Airborne viral contagion is a
multidisciplinary problem

* Immunology
 Virology
* Fluid Mechanics

* Most of our guidelines —
research done in the 1950s
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Room-Scale problem
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Ejection-Scale problem




Well-Mixed Models

—— singing (aah-v-p)

* Virus-laden particles mix over the entire - e
room and can infect the receiver equally 2 - moth besthng o
. . —s— nose breathing (b-nn)
regardless of their location. .

C(T, t) = CS(‘I")(l — e_)‘c(r)t)
P(r)

Cs(r) =

A(r)V
Ac(r) = Ag + As(r) + Ay (r) + A,(1)

aerosol volume fraction (10°16/pum)

l Filtration  Viral deactivation

0 1 2 3 4 5
ACH droplet radius (um)

Ventilation: 1,(r) =




A Classroom
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Six Foot Rule

0 2 4 6 § 10 12 14 16 18 20 22 24
Time without masks 7 (hours)
A =83.6m?, V =301 m3. Low relative
transmissibility (s, = 25%). Moderate risk
tolerance (¢ = 10%). Cloth masks (p,;, = 30%).

Occupancy Limit N

(NT) — € Qp: Rate of quanta emission
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B Nursing home

max

4 | - 1 1
H

Time with masks 7 (hours)

0 25 50 75 100 125

* mechanical
* ventilation
. (8ACH)

normal occupancy

ey
e,
-----
‘e,

e,
-----
-----
.......

L
e,
.
......
.......
...........
.....................

natural ventilation
(0.34 ACH)

30 45 60 75

Time without masks 7 (minutes)
A = 22.3m?,V = 53.5 m3. High relative
transmissibility (s, = 100%). Low risk tolerance
(€ = 1%). Surgical masks (p,;, = 10%).

0 15
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Objectives (@, -

€
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1. To test the robustness of well-mixed model in predicting

1
airborne viral contagion NT = — (NT)wm
2. To recommend modified fluid-mechanics based guidelines ]

for occupancy and CET.
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Statistical Overloading
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Particle radii: 0.1, 0.5, 1, 2.5, 5, 7.5, 10, 12.5, 15, 20, 25 um

2 million
particles
per
radius



Governing Equations

Fluid Phase (Nek5000) Droplet Phase (Ppiclf)
V-i=0 i[lezl U, ]
dt LU, F,/m,
o o
E+uV~u=—Vp+(v+vt)V u Fi=Fg +F,,
v, is obtained using dynamic Smagorinsky Fo; = omusnu(X;) — U |P(Re)

Fg,l — Vl(pp — ,Uf)g
U is the resolved velocity field

u'is the perturbation velocity obtained u(X;) = u(X,) +u'(X))
using the Langevin model

Langevin Model:

o1a
u' (X, (t + At), t + At) = [1 — (% + 320) <C2sC|i|)] u' (X;(t),t) + ’3§Zt fwé




Room Averaged Statistics

Concentration is double

sink locations

averaged over all source and
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Concentration is normalized by r, = 9(ACH)Hpq remarkably accurate
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Sink Averaged: From the
source perspective
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Source Averaged: From the
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Corrected Guidelines
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Conclusions

The well mixed assumption is
extremely good at predicting the
concentration at room level.

Well mixed theory fails for the
larger diameters from a source and
sink perspective.

Theory can be overly restrictive for
the larger separation distances (d >
5m) and too lenient for shorter
separation distances (d < 4m).
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