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Background

Respiratory infections happened through the transmission of virus
laden droplets (>5 to 10 um) and aerosols (<5 ym) breathed out from
infected individuals during sneezing, coughing, talking and breathing.
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To better understand the droplet transmission, researchers at
A*STAR's Institute of High Performance Computing built upon existing
fluid dynamic capabilities and developed an airflow and droplet
dispersion model from a respiratory event, in this case, a cough.

Utilising this modelling and simulation capability, the risk of the
transmission and infection can be better understood.
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#1:
FUNDAMENTAL

- Modelling
Details & Steps




Modelling Coughing Process
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. Droplet dispersiort
- ‘and settling.. -

Source: internet

Other vocalising activities: Talking and Singing
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Modelling Coughing Process .

3 .
5 Key factors taken into consideration: L
1. Time dependent air flow rate (expulsion force g
and fluid volume) g7
2. Droplet size distribution .
7 3. Cough angle -
w i i o T T T T T T T T T T T 1
S 4. Mouth opening area (expulsion force) T oy oh o o o
5 5. Normal breathing Time (s)
g 6. Evaporation (heat transfer) 1600
= 7. Non-volatile particle 1400
< 8. Only physical science is considered (biological L 120
- effecti.e., viral load in the droplet is taken into g 1w
S consideration during analysis) [
8 ; 600
w 400
tZD LinY., Li X, YanY.and Tu J., 2018, The Journal of Computational 200 I I
= Multiphase Flows, 10(2), 72-82. ™ I 1| I pe——
5 GuptaJ., Lin C.-H and Chen Q., 2009, Indoor Air, 19, 517-525 204 08 1624 3?) 401501.75 100 125:50 200 250 5001000 2000
roplet diameter (jtm
S
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Evaporation

s RH=10.8

RH=00 ,BH=0D2
=i kE=06 || [

Dropled Dinmeter [m]
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(b) ] Lo i 000 (@) (Left) Evaporation times for droplets of sizes 1, 10
and 100 pm under relative humidity levels 0, 0.6 and
0.8. A 10 um droplet evaporates completely in 0.2 s
(RH=0.6). (Right) Graph extracted from Redrow et al.
(b) Comparison of droplet evaporation between
simulation and experimental data of Chaudhuri et
al. (2020)

Holterman, H. J., 2003, Kinetics and evaporation of water drops in air (Vol. 2012), Wageninger: IMAG.

Xie et. al., 2007, Indoor Air. 17, 211-225.

Chaudhuri et al., 2020. Modeling the role of respiratory droplets in Covid-19 type pandemics, Physics of Fluids.
063309-1-063309-12.
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Non-volatile Particle

Component Concentration | Density

i
®

Component treatment:
. Water --- 93.5% --- evaporate
. Other component --- 6.5% --- residual

(mg/mil) (kg/m3)

Water 945 1000

Protein 23.25 2160 .
g Assumptions:
= Lipid 19.5 1300 *  The non-volatile components are
2 treated as one volatile material with
g Carbondydrate 13.5 1100 Ek;fnas/srzzﬁizspropertles taken from the
< .
I . . . .

. Mucus impinged on the walls including
Z
;’. DNA 0.834 1600 face shield are treated as trapped due
to the high polymer.

s Salt 9.0 1650 Bh POy
2
o
Lgo Spicer S.S. and Martinez J.R., Environmental Health Perspectives, 1984, pp. 193-204
b Redrow J. et al., Building and Environment, 2011, 2042-2051
g Bergeron V. et al., Letters to Nature, 2000, 772-775
(¥
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H2:
UNDERSTANDING
SCIENCE

- Importance of
Underlying Physics




@ % &

wn
w
2
-
Y
=
O
Z
<
I
Z
w
T
[
2
(0]
44
O
O
<
b=
<
w
4.4
O

Non-volatile on Droplet Evaporation

—=— 8um water+salt
- ® - 8um water
24um water+salt
— ¥ - 24pm water
—-o-- 50pm water+salt
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> T4 --<4--50pum water
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10 12 14

Wind speed is 2 m/s. Ambient air temperature is 30 °C
with RH = 0.84. Droplet initial temperature is 36 °C

Evaporation time for smaller
droplets is less affected by
non-volatile content.

For 50um, evaporation time
for a salty droplet is almost
3 times greater than that of
pure water droplet.
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Relative Humidity and Size on Droplet Dispersion

i
®

- = ~RH=0.60
—+—RH=0.70 » Large droplets evaporate
me el slower.
* Gravitational forces are
o predominant for large droplets.
= « Travel distance at lower RH is
9 greater than at higher RH.
- .. e - « Atlow RH, a droplet has a high
< 2 evaporation rate and shrinks,
- @444 . . leading to anger life expectancy
nd 0 | . . . ' . ' . and travel distance.
% 200 400 600 800 1000
5] D, (um)
O
é Wind speed is 2 m/s, ambient air temperature is
é 30°C and droplet initial temperature is 36°C.
O
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Wind Speed on Droplet Dispersion
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o - Fraction of droplets with horizontal distances
. e exceeding 1 m distance from source at 10 s.
’ A -
60 - v - o « 20% of the total droplet expelled by Cougher,
T ; / / n H H
ﬁ S i g s exceeds 1m at stationary flow in 10s.
Q ’ / V4 i . . .

J gl g P —keeeu, =2 s » Fraction of droplets exceeding 1 m is smaller
2 : i - vy, =3 s at u,, = 2 m/s than either u;,, = 1 m/s or 3 m/s.
@) o ]
< 20
35
Z
w
T 0 i
E 0 2 4 6 8 10 .
= ((s) V.eloc.lty .
& distribution
o Wind speed is 2 m/s, ambient air temperature is around a
'Z-_' 30°C and droplet initial temperature is 36°C. cougher
n
84
O
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Source: Physics of Fluids 32 (2020)

Dispersion of evaporating cough droplets in Publication
tropical outdoor environment @ & Press

Ereattn -
Cough droplets can travel beyond six feet, new
simulation study suggests

Cite as: Phys. Fluids 32, T13301(2020); https://doi.org/10.1063/5.0026360
Submitted: 24 August 2020 . Accepted: 30 September 2020 . Published Online: 03 November 2020
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Hongying Li (Z:]3), Fong Yew Leong (£ 751E) (), George Xu ({£1¥[E)) (1, Zhengwei Ge (¥ £ ), Chang Wei o v 14
Kang (i1111%). and Keng Hui Lim (F=IE)

Dispersion of large, medium, small
airborne cough droplets in various
outdoor conditions — ScienceDaily

Tracking flight trajectory of evaporating cough
droplets
COVID-infected cough droplets could travel
20 feet outdoors, infect people even after
evanarating

COLLECTIONS

Mote: This paper is part of the Special Topic, Flow and the Virus.

o This paper was selected as Featured
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Simulation shows how
cough droplets spread
in tropical climate
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Source: News (5-9 Nov 2020)
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#3:

APPLICATION TO
SCENARIOS

- Evaluation of Droplet
Transport for Various
Venues
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Tiered Risk Analysis

Infectivity based on viral
load (copies) falling on

subjects #
- Using computer simulation

Ventilation efficacy of venue

based on droplet particles (cm-3)
- Using experimentation

< 5% of emitted particles

<58 (> 5m)
MEDIUM 5% - 40% of emitted particles
> 840 _ >40% of emitied particles
(<2m)
In consultation with NCID
# Based on virus copies *Kelvin Kai-Wang To et. al. 2020, Clinical Infectious Diseases: Brief Report: https://doi.org/10.1093/cid/ciaa149
falli test subiect’ *Fengting Yu et. al. 2020, Clinical Infectious Diseases.
alling on test subject's *Chia Po Ying et. al. 2020, Nature Communications.
head and hands only *Po et al., 2020, Nature Communication: https://doi.org/10.1038/s41467-020-16670-2
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Case Study

Indoor Theatre
(Risk from Coughing Audience)

Start State: Experiment revolves around someone who coughs. No one wears mask.
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Indoor Theatre
- Geometry & Air Path Lines

& *

Air Conditioning Diffuser

Velocity (m/s)

» [ e eea—— ]
Air Conditioning 00 015 030 045 060
Return

Performing Area

L.
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Indoor Theatre
- Validation & Further Application
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Arrow denotes how airflow rises as it pushes to the back/top of
the indoor theatre: there is a lifting effect on droplets

Similar to air flow within cinema
[Rodrigues et. al. 2019, ICCSA 2019,
pp.40-51]
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CREATING GROWTH, ENHANCING LIVES

Droplet Flow Path

1.00e-05
9.55e-06
9.10e-06
8.65e-06
8.20e-06
7.75e-06
730e-06
6.85e-06
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Strengths and Limitations of Study

« Strength of methodology is in coupling experimentation with computer simulation, which
enables cross validation of findings.

« Study is analysed for 1 coughing action only directed to the front. Human subject is
assumed to be static.

« Still numerous unknowns with regards to droplets transmission, e.g. viability of virus in
droplets under various environmental conditions and duration, viral load needed for
infection, etc.

« Aside from droplets transmission, there are other routes of infection, e.g. fomite, or
infection that occurred outside of scenarios being studied.

« Droplets (being light) are easily affected by changes in the environmental air flow (speed
and direction), site layout and location of fans / aircon / windows / etc, hence results will
change when environmental conditions change

« This study can only do experiment and simulation on a representative scenario, and
generalise the broad findings.
* Hence, risk-based analysis is used; NB: low risk doesn't mean no risk.
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For more info or collaboration opportunity,
please contact:
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Dr. KANG Chang Wei
Deputy Director
Fluid Dynamics Department, A*STAR IHPC

Tel: 6419 1324
Email: kangcw@ihpc.a-star.edu.sg
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