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➢ Direct Numerical Simulation  (DNS)

➢ Large Eddy Simulation (LES)

- Subgrid Scale Model

➢ RANS Model 
- Filtered White Noise (CRW)

- Eddy Life Time (DRW)
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Assumptions: Dilute Flows, One-Way Interaction,

Neglect Particle Collisions 
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Quadratic  Variation Near Wall 

New Normalized CRW 
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COVID-19

➢ Direct transmission (touching)

➢ Aerosol transmission

- Coughing and sneezing

- Speech



Coughing

Duguid (1946)

Yang et al. (2018)

Feng et al. (2020)



Speaking Asadi, Wexler et al. (2019)



Wells (1934)



Two-person office geometry - plan 

view with length measurements (m)

Two-person office geometry -

three-dimensional view



Ventilation with Supply Diffuser and Linear Diffuser at 45 degree 

Velocity 

magnitude 

Contours

64 in Partition

Supply Diffuser 

Velocity =0.47 m/s

Linear Diffuser

Velocity =0.312 

m/s

ACH=2.4



Ventilation with Supply Diffuser and Linear Diffuser at 45 degree 

64 in Partition

Supply Diffuser 

Velocity =0.47 m/s

Linear Diffuser

Velocity =0.312 

m/s

ACH=2.4

Concentration 

Contours

Con LM = 

0.003 to 0.0035

1 µm Droplets



Ventilation with Supply Diffuser and Linear Diffuser at 45 degree (2-person Room) 

64 in Partition

Supply Diffuser 

Velocity =0.47 m/s

Linear Diffuser

Velocity =0.312 

m/s

ACH=2.4

Trajectory of 100 

Microns 

Particles/Droplets

100 µm Droplets



Nine-person office geometry - plan 

view with length measurements (m)

Nine-person office geometry -

three-dimensional view



Concentration Contours

Fully Mix=6.1×10-4

Fully Mix=7.6×10-4

1 µm Droplets

Emitter : Mannequin # 5

Orientation:  Facing Front  Partition 

ACH=4

Inflow: Inclined by 45º



3D Bar Chart of Average and Max Concentration  Emitter : Mannequin # 5

ACH=4
1 µm Droplets

C-aver (54’’)        C-aver (64’’)

4.313e-04              4.198e-04

Fully Mix=6.1×10-4

Fully Mix=7.6×10-4



Cough droplet distribution in the classroom 

at different times.
Mirzaie, Lakzian,  

et al. ((2021)

Coughing in a classroom Coughing velocity = 10m/s

t=0.5s t=1s t=5s

t=10s t=25s t=50s



▪ Aerosol transmission is the main 

mechanism for spreading of respiratory 

viruses (COVID-19). 

▪ Concentration of droplet decreases with 

the distance from source and with the 

increase of ACH. 

▪ Computational modeling could provide 

insight into developing mitigation measure 

against aerosol transmission.




