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GOAL: Accurate Prediction of Virus Loading in Indoor Environments

Currently it is motivated by COVID-19, but the methodology can be used for
other respiratory viruses in the future

Understand the process involved in virus-laden aerosol mixing and transport
Predict the most probable regions of virus-laden aerosol accumulation and
deposition, which will help us to plan

Mitigation Strategies & Compute Risk of Transmission

Infectious virus in exhaled breath of symptomatic
seasonal influenza cases from a college community
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Modes of Airborne Virus Spreading in the
Indoor Environment

* Pre-pandemic, we thought the main mode of
airborne transmission of viruses is through coughing
and sneezing

 “Asymptomatic” or “Pre-symptomatic” transmission
of Covid-19 has made us question our existing
understanding of airborne transmission, especially in

the indoor environment Evidence of Long-Distance Droplet

Transmission of SARS-CoV-2 by Direct
Air Flow in a Restaurant in Korea

Keun-Sang Kwon (9,"* Jung-Im Park (,* Young Joon Park (9, Don-Myung Jung (9,*

Ki-Wahn Ryu ©,° and Ju-Hyung Lee © **

* If the virus-laden aerosols are helping
spread SARS-CoV-2, then it is extremely
important understand the spatio-temporal
evolution of the aerosols especially in the size range of
0.5 - 20 microns
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Size of Virus-Laden Aerosol Cloud
and what mode will it be transmitted
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If we are using Computational Fluid Dynamics,

what level of fidelity is required to accurately capture the aerosol transport ?

Evaluation of Various Turbulence Models in Predicting Airflow and
Turbulence in Enclosed Environments by CFD: Part-2: Comparison
(2007) with Experimental Data from Literature

Zhao Zhang Wei Zhang Zhiqiang Zhai Qingyan Chen’
Student Member ASHRAE Member ASHRAE  Member ASHRAE  Fellow ASHRAE
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While each turbulence model has good accuracy in certain flow categories, each flow type
favors different turbulence models. Therefore, we summarize both the performance of each
partcular model in different flows and the best suited turbulence models for each flow category

in the conclusions and recommendations.

So we decided to do Direct Numerical Simulation (DNS) or highly-
resolution LES, which resolves almost all the relevant scales of turbulence
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First problem we targeted is: DNS of a small cough
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First problem we targeted is: DNS of a small cough
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DNS of a small cough (iso-surface of temperature)
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DNS of a small cough

(velocity magnitude [m/s] and temperature [C] of the cough in space and time)
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Tpf(oc)

DNS of a small cough
(Puff front evolution and Centroid Location)

Puff front temperature and vertical velocity
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The Dispersed Phase
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High-Resolution LES of flow and particle
transport in a room
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High-Resolution Large Eddy
Simulations (LES) coupled with
Lagrangian particle tracking for
the aerosols.

Using high-order Spectral
Element Methods for spatial
discretization

Reynolds number: 8000 -
15,000 ~ (4-6-8 ACH)

Current simulation has 100
million computational points
500,000 aerosols

(0.5 -4 -32 microns)

More expensive, as simulation
has to be run longer



Even in a “simple” Empty room the Mixing Process is Complicated

Pseudocolor
Var: temperature
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Difference 1n Dispersion of Aerosols in the Room Based on Location
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Need substantial time to reach a statistical steady state, before aerosols can be injected
1.5 mins of real time takes 768 node hours on Frontera (~ 50,000 cpu hours)
We need to run for at least 30 — 60 mins = 31,000 node hours

Though it takes about 50,000 node hours to reach a statistically steady state, so each simulation
of this size is costing about 100,000 node hours



Fast & Accurate Prediction of Virus Loading in
Heterogenous Indoor Environments : CEAT

CEAT: The COVID-19 Exposure Assessmen Ol (Beta) Company meeting - Scenario A, no masks. Scenario B: 90% wearing KN95
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iave a liklihoo -19 infection thats . .. Scenario
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does not provide a prediction of the likelihood of infection or transmission of disease, nor does
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Can we Improve the Computational Performance using GPUs ? (NekRS)

e Tests run on 10 nodes of Summit (60 GPUs)

e With a uniform distribution of particles

* Migration (Yes/No): Exchanges particle ownership so that each process owns the particles that
are present in its elements. (using a fast all-to-all data exchange using crystal router)

Findpts implementation GPU CPU

Migration Yes No Yes No
particle count 100° | 150° | 200 | 100° | 150% | 200% | 100® | 150° | 100° | 150°
Fluid Solve 98.2 98.1 98.5 99.2 98.2 | 107.5 97.9 98.7 | 101.2 | 100.1
Particle Creation 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Particle Update 3.6 8.5 19.1 18.6 60.8 | 146.1 | 277.0 | 910.2 | 288.3 | 953.9
- Copy fluid vel. to host - - - - - - 15.7 13.9 16.4 15.5
- findpts 2.7 6.4 14.3 8.9 29.0 69.1 | 225.3 | 746.5 | 234.1 | 775.9
- - Memcpy 0.4 0.7 1.2 0.8 1.8 4.2 - - - -

- - Kernel 1.8 4.9 11.3 1.9 6.4 14.6 | 219.7 | 735.7 | 2204 | 734.7
- migration 0.1 0.1 0.3 - - - 0.1 0.2 - -

- findpts_eval 0.6 1.3 3.1 9.4 31.0 74.9 49.7 | 158.5 54.0 | 177.1
- - Memcpy 0.2 0.4 0.9 0.3 1.0 2.0 - - - -

- - Kernel 0.5 0.9 2.2 0.3 0.8 1.4 49.6 | 158.5 43.2 | 141.9
- Advance position 0.2 0.5 1.2 0.2 0.5 1.3 0.2 0.5 0.1 0.5
- Barrier 0.0 0.1 0.2 0.1 0.3 0.8 1.8 4.4 0.1 0.3




Conclusions and Future Directions from
Room-scale Simulations

We are conducting some of the first high-fidelity
turbulence resolved simulations of aerosol transport in
indoor environment.

These simulations will be used as benchmark results to
compare/improve lower-fidelity models

(e°g' RANS based) Basic Measurement Setup
Spatially- and temporally-filtered data
Improved understanding of effect of aerosol size, release bs.sy //—
location, air-flow rates and evaporation on residence I“—“\\MM -
time and deposition pattern of virus-laden aerosols . /,%t
(n H/zl i,
The high-resolution model results are being used to 1 —— l 2

analyze and understand the large and small scale
turbulent structure of the flow Temporal states: Development and Stationary






Final Objective: Development of a robust
Covid-19 Exposure Assessment Tool (CEAT

G ] Enter information that describes the Group. Enter the duration that most closely matches activity. CIC ' 7

y : C EAT COVID-19 Exposure
Group'’s Infection Likelihood compared to the Community Duration of Assessment Tool
The Group is composed of people who, prior to this activity, A B AT . 1.00 1.00 Notes) N
you estimate have a likelihood COVID-19 infection that is... Activity in Hours: . E—— US Customary Units (US)
Enter notes here 23 January 2022 V B.34_US BETA
00x lower than the community’s average due to their adhering to public D D Step 8 Select whether outdoor or indoor Yy 5
ealth guidance on distancing, masking, and exposure to crowds/people. A: B: Outdoor activities: Select wind conditions that
Ox lower than the community’s average due to their adhering to public D D a. Outdoor: : : :
ealth guidance on distancing, masking, and exposure to crowds/people. ' ' (\ (\ best match, Important: CEAT must be opened with Adobe Acrobat® or Adobe Reader® to
qual to the community average. EI E Beaufo ale A B function. See Page 2 for a technical summary and Page 3 for instructions.
Ox higher than the community’s average due to their not adhering to Moderate 13- 18 mph Raises dust and loose paper; small branches are moved ’— - — —
ublic health gmdance on diStanCing' maSking' and exposures to crowds. D D Gentle 8-12mph Leaves/small twigs in constant motion. wind extends light flag n Calculate AdJustment to Local Communlty s Current Conditions
00 percent, since they are known to be diagnosed with active COVID-19. D D - - Average Daily Cases Average Undiagnosed Factor
Light 4-7mph Wind felt on face, leaves rustle n_ D per 100,000 Days Infectious for Area (Set to 3if  Active Infections pe
. GrOUpIS Vaccination Rate: 100.00 % D Click to apply Group’s Vaccination Calm 1-3mph Direction of wind shown by smoke drift D D in the Last Week (Set to 5 if not known) not known) 100,000
. b )
. N Balclio f:he Exposurg Calf:ulatlons Very Calm 0.1-1mph No direction or flow observed L] L[] 3650 » 500 » 50 = 9092
Group members use of viral genome or protein surveillance testing
All members are D All unvaccinated members Testing_not required A: B: Variant Prevalence Comparative Immunity Prevalence
tested within 3-days are tested within 3-days (or testing status b. Indoor: Estimate of Increased
prior to event prior to event unknown) ' ’ (6\ (6\ WHO Variant Portion'of Active Trénsmissior.\ versus
p Enter the number of people sharing the space for the activity. Obtain the Air Changes per Hour (ACH) using Table 1: Typical Label Infections (%)  Wild-Type Virus (%) Vaccman;o;:{lzt(x;n) 65.00
ust be between 2 and’\fSO Eeop]lceF.) | Option 1 or 2: ACH Values (Option 2) Alpha 0.00 0.00 romuition
. um ero eop e 1 0 1 O Medical ACH Beta 0.00 0.00 Recovered (%) 35.00
Sharing Activity Space: * Option 1 - Use ACH provided by building f:;‘::::o g Protection
o i i i i . ry
m Enter distance (Option 1) or s~elect d|§tance (Oﬂptlon 2) 3 ° o engineers or H&S. e 5 Delta 2.00 100.00 Effectiveness of | 37-00
15 .10, s 6o 38 T 1. Examination room 6 Immunity (%)
ft ft ft ft ft . ! Retail . :
o 5 ted prg T . @ ﬂ. (] + Option 2 - from Table 1 on right, select the Saisa('excem T Omicron 98.00 940.00 Correlation Factor
tion 1 tion facility type and ACH that best matches th Barbershop 15 Poisson Distribution
p ft p * | ﬁ | T @ acctli\lityy I?catign a s che € Hair and nail salons 3.75 Adjustment Factor 0.60
. Supermarket 1
~~ 3.00 I | I I I : | Fast Food 6
3.00 D D ‘ EI E EI Enter indoor ACH (or AER?) Values: By 26 M : :
: Education Group-wide Exposure Ratio
m Select Mask Type and Prevalence of mask wearing Indoor Sosrooms ees5108) |7 Lower Exposure Medium High Very High
. . ACH 6.00 6.00 Classrooms (age 9 plus) 2
Filter Type % of People Wearing Masks Daycare (through age 4) 25 A 'R
A B Multiuse assembly 5
) LACH (Air Changes per Hour) is synonymous with AER (Air tji{ﬁ: ’g,i’,‘ijffji”““’ ; o
Fitted N9 Exchange Rate [Exchanges/Hour]) Libraries 15 D
] Music/theater/dance 2.5
N95/KN95 Office /000001 00001 0001 001 oL 1 1 1 100 1000 10,000 100,00C
. R R Office space 05
Double Surgical Mask c. Room Filtration Select Flowrate Option: | |ReceptionAres 125 :
surgical Mask Meeting/ Conference Group-wide 2 25057C Group-wide 0.045011
(@) Flow Option 1~ Use Rooms - 2 Exposure Ratio: L= Exposure Ratio: [L—=
Average Mask e default assumption of Manulaciuring Near Far Near Far
; Manufacturing Floor 15
Cloth Mask HEPA Filters F F flow of filtered air of Residential Field: 2.079561 Field: 0.171 OOEI Field: 0.041591 Field:‘ 0.00342(
No Mask = 1 cfm/ft2, Homes with closed Individual (Indv.) individual (ind
| - . ind X ndividual (Indv. ndividual (Indv.
— ; . MERVE O CF | () Rowoption2-—enter | ieiiimaremr—— | '} Rntior| 0-45011¢ )T 0.009002
¥ select Vocalization Intensity BY: Select Breathing Rate o a specific filtration window 175 Xposure Ratio: Exposure Ratio:
MERV 8 (“ flow rate if known Homes with all open Indv. Dose Infect o Indv. Dose Infect
n - e e
Activit Exhalation Type A A B Windows 2 (Quanta): | 001961, "118.2267 %| (qanta). | 0-0008], | 0.065([
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Potential Viral Load (based on particle size and concentration) from the Cough
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Room scale flow structure at 6 ACH
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