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Droplet Dispersion and Droplet Nuclei Dispersion

P P 4.0 [um]
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Representative Contaminant Concentration?

Qout = Qin[kg/S]
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Gas-phase Formaldehyde Concentration Criteria in Indoors

100pg/m3

Time-averaged HCHO concentration for 30min at a certain point in a room

_ 3.0m _
[ )< 1
Nn‘ Outflow
boundary

CSP

3.0m

Formaldehyde emission



Heterogeneity / Non-uniformity in Indoor Environmental Quality

Max. 0.25 m/S
70% of air from Floor

_ 3.0m _
[ )< 4
N’n Outflow
boundary
CSP
3.0m
Inflow
boundary y
Y
U,=0.1m/s
Tm=25 degC Formaldehyde emission

Velocity distribution Formaldehyde concentration distribution




What is the Representative Concentration to Control?

m/s)

L S\ NN ! Q‘.‘ 7/
Perfect Mix. Con (Ext. outlet) :100.0pg/m? i)

Room (Vol.)-averaged Con :91.1ug/m>
Breathing Air Con (at Nostril) 162.7ug/m> i,
Con. at Nasal Mucosal Tissue :

A Ny

Con. at Alveoli
Con. In Blood

0

Formaldehyde adsorption flux distribution
(1 breathing cycle)
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Human Body in Indoor Environment (Air Quality)

Ratio of “Ventilation Rate”

(human ventilation (respiration)/room ventilation)

Ventilation:13.5m3/h |
(0.5ACH) 1 = 3.3-6.6%
Inhalation

—>
«—

Exhalation:0.9m3/h
(15L/min)

CO2/Bio-effluent
Emission

3.0m
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Floor Area: 30m3
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30m3/h/p X 3p=90m3/h

™

Floor Area: 60m3
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Floor Area: 30m3

B

30m3/h/p X 6p=180m3/h

Floor Area: 60m3




Contact Probability

32,461
5,110,000

=0.00276 = 0.6%

167
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SIR (KM) model Wells-Riley model
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Preliminary Calculation by Wells-Riley model

P, =1-exp(——£~

O

~ Q9 0T —

Igpt
0

R[]

: RRFE B [person]

: FEIR = [m3/h]

R E [m3/h]

: quanta FE 4 = [quanta/h/person]
. BRFERFE] [h]

=

P, =1-exp(- qut =1-exp(-pC,, ‘1)

Inhalation Dose: pC

res

P =1- exp(—alqt) =1—exp(—&q't)

05 1

Dilution Efficiency: € = P _ =
30 60




Preliminary Calculation by Wells-Riley model

Tapt I=1 [person]
P =1- exp(—ﬂ ------- >— p=0.5[m3/h]
Q Q=30 [m3/h/person] X residents [person]

1 quanta = 1,000 viral RNA Copies - AN AT T ASTIES

) _ 1.2
I (Super Spreader/Emitter) 1 Without Mask
o)
SARS-CoV-2: 300 - 2000 quanta/h 99.3%
(Mara Prentiss et al, 2020) T
e ¢ /7 With Mask
oa b/ T 52.8%
0.2
0 .
0 1 2 3 4 5 6 7 8



Cluster Events by Super Spreader/Emitter

[P
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1.2
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0.8

Without Mask
0.6

0.4

Without Mask 39.3%

18.1%

0.2 0.2 7.929% -_\/-\{[t—fj-l_\{l_ajl-(“-
________________________ JRATZ.
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——) =1-exp(-pC,, 1)
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Age of air distribution Scalar velocity distribution



Human Body in Indoor Environment (Air flow)

9.0m?2

Ratio of Area

(2D human body/2D room)

=5.5%

0.5m? .

1.75m

3.0m

wo'¢

Volume Ratio

(3D human body/3D room)

=3%

Reproduction of human body geometry is essentially important for

detailed analysis of indoor air flow (and vice versa)



Impact of Human body on Indoor Air Flow
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Flow pattern in displacement ventilated indoor environment with/without human body
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