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Physics of airborne transmission

Virus spreading (turbulent eddy diffusion)
Virus transport (advection)

. Virus source

. Ventilation

Gravitational settling

Evaporation

. Virus deactivation

® N o g oA w N R

. Virus receiverg susceptible people




WellsRiley models

Assume that the room is fully mixed

Source strength

L _ _ Concentration
GammaitoriNucci (1997) extension: \' Deactivation
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Buone}nnoet al.2020; / Ventilation Gravitational
Miller et al.2020; Settling
Lelieveldet al.2020; Room volume
Burridgeet al 2021
etc




Extend to an advectieaiffusion
reaction equation

Infectious person a point (stationary) source of virus, constant emission rate of particles

All particles are the same size, and they carry the same amount of virus
Droplets are released from the infectious person with zero velocity
Particles advected with constant velocity

Turbulent mixing of air

Droplets quickly evaporate to equilibrium siz@eglect evaporation

%_f +V - (v0) - V- (KVC) = Ri(z — 20)0(y — o) — (A + B +7)C

See our preprint @tips://arxiv.org/abs/2012.1226 only with ventilation now)



https://arxiv.org/abs/2012.12267

Ventilation scenarios

We consider four ventilation scenarios that correspond to different air exchanges per_hour (

Values taken from
classroom data




Turbulence: eddy diffusion coefficient

We use the eddy diffusion coefficient

Room volume
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K =W o)

\ Number of vents (we take p)

Note: K scales witk
(Foatet al2020)




Quasi3D modek recirculating airflow

Constant velocity

/
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Quasi3D flattened to 2D

@I Periodic boundary conditions complete the Ioo@
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Distance between layers is half the room height (i#moffet al2013)




The model

C(0,y.t) = C(2,y,1)
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o7 0,t) = == (2L, 1)

0°C  9°C

922 | By ) = Ré(z — 20)3(y — yo) — (A + B+7)C




Analytical solution and parameters

Cap(a,y,t) = C(z,y,t) J(rhC/JSl —z,y,1)
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Rate of particle generation from infectious person: Biological deactivation:
Breathing: 0.5 particles/s  (Asadiet al2019) gT o8& pr s
Talking: 5 particles/s (Asadiet al2019) (Doremaleret al 2020)
Breathing with mask: 0.25 particles/s  (Fischeret al2020) — :

Talking with mask: 2.5 particles/s  (Fischert al 2020) Gravitational settling rate:
PP prst
(de Oliveiraet al2021)




Case study: averagezed classroom

8m | B(@#)
£
v =0.15m/s
Infectious person: (4,4)
Air conditioning unit —— — b 8m
A(5.4)
> A Room height = 3m




Concentration after 1 hour

Poor ventilation ASHRAE, pigandemic
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Concentratiorvs time (any activity type)
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Spatiotemporal infection risk

Infection risk (Probability of infection):
P(z,y,t) =1 — e d@y)k
where the dose inhaled is . (adapted from Rilegt al 1978 and/uorinenet al 2020)

d(ﬂ?,y,t):/ IOCBD(xayaT) dr

What is themedian infectious dosé that corresponds to 50% infection risk?
Uncertain!

0.5 =1— ¢ Fdnm

Take d,, = 100 particles = £ = 0.0069 (Burridge et al, 2021)
Breathing rate: & K YA Y  éthl20R0) S (i {




Infection risk maps (at one hour)

Oneinfected personBreathing

Poor ventilation

ASHRAE, pigandemic
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Infection riskvs time (breathing)
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Time to Probable Infection (TTPI) maps

One infected person, at the centre of the rootalking

Time to Probable

Infection=Time required for the

infection risk to reach 50%

Paving the way for
recommending
Safe Occupancy Times
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TTPI as air exchanges per hour increase
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Comparison with data and CFD models

We compared with:
Hospital air sampling data

Lednickyet al 2020; Chiat al2020;Santarpiaet al 2020
Need a viral load of ~10"11 to make the comparison hold

CFD simulations of th@uangzhou restaurarsuperspreadecase
Birniret al2020

Our expected number of infections in the Guangzhou restawaperspreader
case Is close to the number of people infected




Extendinghe model particlesizedistributions

A Aerosols of variable size

A The eddy diffusivity , deactivation rate , and deposition raté all depend on the aerosol size

% + v? — K(s)V?n = RF(s)0(x — 20)d(y — yo)H(t — to) — (A +7(s) + D(s))n
z T I

BLO model (Johnson et al, 2011) , S .
o) 1i o{lu21Saaq
The analytic solution still holds!

Total aerosol concentration

C’(x,y,t):/ n(x,y,s,t)ds
0




Concentration(BLOmodelandsizedependent
settling)
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Concentration vs time 1m downstream

Breathing Talking
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Percentage reduction in trewncentration
when sizedepending settling is included

5 1m downstream of source

Breathing :

Talking
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Effect of settling is
larger for talking




