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ABSTRACT Aerosol transmission of diseases poses serious threats to human and animal health. 
Our understanding of complex processes involved in airborne disease transmission is still limited. 
Computational fluid dynamics (CFD) may provide a tool to further our understanding of how 
disease pathogens are spread via aerosol transmission. In this study, a CFD model was developed 
to simulate the movement of aerosols in experimental chambers. Liquid aerosols containing 
Porcine Reproductive and Respiratory Syndrome Virus were artificially generated into a pair of 
connected experimental chambers operating at a set ventilation rate.  Aerosol concentration was 
continuously monitored with an optical particle counter until steady state conditions were achieved.  
A standard k-ɛ turbulence model and discrete phase model with unsteady tracking were utilized to 
simulate the airflow movement and aerosol concentration at steady-state.  The CFD simulations 
results provided an aerosol concentration at the measurement location (0.21 mg/m3) that was less 
than the aerosol concentration measured during experiments but within the range given by the 
standard deviation (0.34 ± 0.18 mg/m3).   
Keywords: aerosols, computational fluid dynamics, ventilation  

 

INTRODUCTION Aerosol transmission is defined as an infection that occurs due to the inhalation 
of aerosols containing infectious pathogens.  Aerosols are small liquid or solid particles that are 
indefinitely suspended within the air.  In the livestock industry, aerosol transmission of infectious 
pathogens from infected animal facilities over long distances to susceptible facilities is a problem 
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that occurs despite conventional biosecurity measures.  Prevention of aerosol transmission usually 
requires mechanical filtration of incoming air or other air-cleaning methods.  Aerosol transmission of 
Avian Influenza Virus (AIV) over short distances (Tsukamoto et al. 2007) and with artificially-
generated aerosols (Guan et al. 2013) was previously demonstrated in chickens.  Aerosol 
transmission of Porcine Reproductive and Respiratory Syndrome virus (PRRSV) over a 120-m 
distance from an infected pig facility to a susceptible pig facility was also previously demonstrated 
(Dee et al. 2010).  Long distance transport of these pathogens has also been observed.  Genes 
associated with the H5 subtype of AIV were detected in air samples collected during Asian dust 
storms (Chen et al. 2010). Additionally, infectious PRRSV was previously collected 9.1 km 
downwind of an infected pig facility (Otake et al. 2010).  Much research has shown that aerosol 
transmission is a potential way for infectious pathogens to spread from facility to facility. Further 
understanding of the mechanisms behind aerosol transmission will be beneficial in reducing its 
occurrence.  

Computational Fluid Dynamics (CFD) solves complex fluid flow problems, which produce large 
systems of equations that are most efficiently solved with computer resources. CFD was used to 
determine the exposure of patients to airborne Severe Acute Respiratory Coronavirus (SARS-CoV) 
within a three-bay hospital ward, based on their distance from the index case. The study found that 
patients in the same bay were exposed to higher concentrations of SARS-CoV than patients in an 
adjacent or distant bay (Li et al. 2004).  In another study, CFD was used to simulate the transport of 
SARS-CoV aerosols from the index case in a building to other buildings in an apartment complex 
that experienced an outbreak of SARS-CoV (Yu et al. 2004).  Seo et al. (2014) utilized CFD to 
determine if aerosol transmission was the cause of poultry facilities becoming infected with Avian 
Influenza Virus (AIV) during a 2008 outbreak of AIV in Korea; the study utilized both topographical 
and meteorological data in 960 simulations.  The data was incorporated into a network model to 
distinguish between other possible modes of transmission.  The study concluded that it was 
possible that 2 out of 13 facilities were infected due to aerosol transmission of AIV, while 10 out of 
13 were likely infected due to fomite transfer (Lee et al. 2014).   

The purpose of this study was to demonstrate the potential of CFD as a useful tool to further 
understand the aerosol transport of infectious pathogens in animal operations.  Specifically, a CFD 
model was utilized to simulate the movement and distribution of aerosols containing PRRSV within 
a set of experimental chambers. 

 

METHODOLOGY In a previous study, a set of experiments were performed, in which aerosols 
containing PRRSV were generated and measured within two connected experimental chambers 
(La et al. 2013, 2015).  In the present study, CFD was used to simulate the aerosol movement 
within the two chambers using parameters measured in the previous study.  The followings section 
provides a brief description of the chambers, airflow generation, aerosol generation, and aerosol 
measurement. 

Experimental set-up The experimental chambers consisted of two chambers; each chamber 
was 99 cm x 130 cm x 107 cm in height, width, and depth, respectively.  The two chambers were 
joined together with a series of fittings and a 16.5-cm-diameter galvanized steel duct.  The inlets of 
each chamber contained baffles that directed the airflow downwards to encourage air circulation.  A 
HEPA filter (model no. 01XS-24Z12Z12, Camfil Farr, Canada) was installed prior to the inlet of 
the first chamber and after the outlet of the second chamber. A tee-wye fitting was installed 
between the first chamber and the HEPA filter; the branch of the fitting was used as a location for 
aerosols to be introduced into the experimental system. 
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The airflow within the experimental chambers was generated with a fan (VortexVTX800, 
Atmosphere, Terrebonne, Quebec) connected to the outlet of the second chamber (fig. 1).  The 
airflow rate in the chambers was controlled using an IRIS damper (IRIS-S-05, Continental Fan 
Manufacturing Inc., Mississauga, Ontario) and digital manometer (475-00-FM, Dwyer, Michigan 
City, Ind.) installed between the second HEPA filter and the fan.  An air diffuser (labelled bypass 
damper in fig. 1) was also installed to aid in generating smaller airflow rates in the chambers.   

 
Figure 1. Use of IRIS damper, digital manometer, bypass damper, and high-powered fan to control 
airflow rate in experimental chambers. 

 
Aerosols were generated using a 6-jet Collison Nebulizer (CN25, BGI Inc., Waltham, MA) supplied 
with filtered compressed air.  The aerosols were monitored with an Aerosol Particle Size 
Spectrometer (APSS; LAP 332, Topas GmbH, Germany) that was programmed to measure aerosol 
size and concentration for 10-second intervals repeatedly until prompted to stop.  The APSS was 
connected to 0.635-cm-ID Tygon tubing that collected air from a height of 0.495 m in the first 
chamber. 

During each experiment, the fan produced an airflow rate of 135.9 m3/h. The APSS measured 
baseline measurements for 1 minute.  The nebulizer was then operated for four minutes to 
establish steady-state aerosol concentrations within the chambers and the APSS measured the 
aerosol concentration within the first chamber throughout this process. 

CFD Simulation of Continuous Phase (Air) Simulations were performed in ANSYS 
Workbench.  Firstly, the geometry of the chambers was constructed in ANSYS DesignModeler.  
Some aspects of the experimental chambers were simplified; most components before and after 
the inlet of the first chamber and outlet of the second chamber, respectively, were excluded from 
the geometry. Circular-to-square fittings at the entrance and exit of the chambers were used to 
establish boundary conditions (fig. 2).  The mesh was designed in ANSYS Meshing.  The mesh cell 
shape for the circular ducts, fittings, and baffles were unmodified from the default settings 
generated by ANSYS. The mesh cell shape of the chambers was modified from the default settings 
to tetrahedral cells.   

The size of cells was optimized to ensure than the discrete phase model could be accomplished 
with available computer resources.  Decreasing the minimum mesh size increases the 
computational resources required to complete the simulation; it results in an increase in the number 
of cells in the mesh and it also increases the number of time steps that the model needs to track 
the particle movement. The mesh was revised multiple times to ensure that the simulation of the 
continuous phase achieved expected results, while ensuring that the computational time for the 
simulation was not excessive.  Body sizing was utilized on the chambers and baffles to generate an 
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element size of 75 mm.  The minimum mesh size overall was set to 40 mm.  For boundary 
conditions, the circular faces on the circular-to-square fittings before and after the first and second 
chamber were set as the inlet and outlet, respectively.  The remaining walls of the chambers, duct, 
baffles, and fittings were given a boundary condition of wall.  The total number of elements was 
92629 and the average element quality was 0.88805.   

 
Figure 2. (a) Geometry of experimental chambers DesignModeler (b) Mesh of experimental 
chambers  

 

ANSYS Fluent was used to perform the CFD simulations. The boundary conditions at the inlet and 
outlet are indicated in Table 1.  The airflow rate (135.9 m3/h) used to determine the boundary 
conditions was utilized in the chamber experiments, in which the airflow rate was regulated with the 
IRIS damper.  The velocity at the inlet and mass flow rate at the outlet were calculated using the 
area of the circular face of the inlet and outlet, the airflow rate, and the density of air (1.19 kg/m3). 
The pressure at the inlet was set to be equal to the initial resistance due to the HEPA filter at the 
utilized airflow rate, which was provided by the manufacturer (Camfil 2017).  The pressure at the 
outlet was two times the pressure at the inlet due to the presence of a second filter at the outlet.  
The turbulence model utilized was the standard k-ɛ model. The pressure-velocity coupling scheme 
utilized was the SIMPLE-C Scheme.  Momentum, turbulent kinetic energy, and rate of turbulent 
dissipation were solved using the Second Order Upwind scheme.  The Green-Gauss Node Based 
Scheme was used to solve for gradients that were used in solving used in the Upwind scheme. 

 

Table 1. Boundary conditions at the inlet and outlet 

Location Inlet Outlet 
Type Velocity-inlet Pressure-outlet 

Mass flow rate (kg/s) N/A 0.04492 

Velocity (m/s) 2.98 N/A 

Pressure (Pa) -19.907 -39.814 

 

Discrete Phase Modeling (DPM; Aerosols) The parameters used in modelling the aerosol 
injection are notated in Table 2.  During the chamber experiments, the mean measured aerosol 
concentration (0.34 mg/m3) was significantly less than the theoretical steady-state aerosol 
concentration calculated using an aerosol generation rate of 14.8 ml/hr (105 mg/m3; La 2015).  It 

(a) (b) 
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was theorized that the aerosols may have evaporated in the chamber or condensed along the tee-
wye fitting when introduced into the experimental setup.  Therefore, to ensure that the simulated 
results resembled the experimental results, the measured aerosol concentration was used to 
calculate a modified aerosol generation rate by multiplying the measured aerosol concentration by 
the airflow rate.  To simplify the simulation and reduce computational expenses, a uniform diameter 
was used for all aerosols generated; the mass geometric mean diameter measured in the chamber 
experiments was used as the diameter (La 2015).  The aerosols were specified to be inert, 
indicating that the aerosols would not be affected by temperature and phase change.  The Stokes-
Cunningham Drag Law was used to compute the drag force acting on the aerosols; the 
Cunningham Correction Factor was calculated as per the Fluent Theory Guide (ANSYS 2013a).   

Interaction with the continuous phase was activated to allow for unsteady tracking and injection of 
aerosols during a 4-minute time span.  The parameters used to set-up the DPM are shown in Table 
3 (ANSYS 2013b).  The aerosols were generated from the inlet via surface injection.  Parcels 
containing aerosols were generated every time step and the movement of the generated aerosols 
were tracked during every time step. The size of time step was calculated by dividing the minimum 
mesh size by the velocity at the inlet (ANSYS 2013b).  The total number of time steps was 
calculated by dividing the time to steady state by the size of each time step.  There were 4000 
continuous phase iterations performed prior to activating DPM to encourage convergence of the 
solution.  After DPM was initialized, DPM iterations occurred after 100 continuous phase iterations 
and each DPM iteration contained 400 time steps.  DPM iterations occurred until the total number 
of time steps was reached.  

 

Table 2. Injection parameters for DPM 

Parameter Value 
Type of injection Surface injection (from inlet) 

Particle Type Inert 

Material Water-liquid 

Diameter Uniform; 1.15 × 10-6 m 

Velocity 2.98 m/s 

Density 998.2 kg/m3 

Mass Flow rate 1.284 × 10-8 kg/s 

Drag-Law Stokes-Cunningham  

Cunningham 
Correction factor 1.11 

Stochastic tracking Discrete walk model 

Time constant 0.15 
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Table 3. Parameters used in Discrete Phase Model involving Interaction with Continuous phase 
and unsteady particle tracking 

Parameter Value 
Size of time step (s) 0.013420 

Time to steady state (s) 240 

Total number of time steps (#) 17884 

Continuous phase iterations 
between DPM iterations (#) 100 

Time steps per DPM iteration (#) 400 

Continuous phase iterations 
before DPM (#) 4000 

Continuous phase iterations 
during DPM (#) 4500 

Total continuous phase 
iterations (#) 8500 

 

RESULTS Convergence was achieved at 8500 iterations. The residuals were no longer 
decreasing after 8500 iterations (Table 4), although they did not reach a prescribed value of 10-6.  

 

Table 4. Residuals at convergence 

Parameter Residual 

Continuity 7.74 x 10-6 

X-Velocity 1.51 x 10-5 

Y-Velocity 7.64 x 10-6 

Z-Velocity 2.84 x 10-6 

Turbulent kinetic energy 1.73 x 10-5 

Rate of turbulent dissipation 3.36 x 10-5 

 

The velocity profile and pressure profile at the centerline of flow are shown in figs. 3 and 4, 
respectively.  As seen from the velocity profile, the baffles were correctly modelled with the 
geometry and the boundary conditions as the airflow was directed downwards in the first and 
second chambers, which was observed in smoke tests (La 2015).  The pressure drops within the 
system occurred due to differences in boundary conditions and due to the movement of air through 
different cross-sectional areas in the system.  Fig. 5 displays the turbulent kinetic energy within the 
centerline of flow.  The highest turbulent kinetic energy in the flow is caused by turbulence resulting 
from the jet action of the flow entering the two chambers as well as when there is a change in 
cross-sectional area. 
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Figure 3. Velocity profile at the centerline of flow. 

 
Figure 4. Pressure profile at centerline of flow. 

 
Figure 5. Turbulent kinetic energy at centerline of flow 

 

The aerosol concentration at the centerline of flow is shown in fig. 6.  The average aerosol 
concentration in the first and second chambers were 0.23 mg/m3 and 0.16 mg/m3, respectively, 
which are both less than the measured concentration of 0.34 mg/m3 ± 0.18 mg/m3 (standard 
deviation).  The aerosol concentration in the first and second chamber were 32.4% and 52.9% less 
than the measured aerosol concentration, respectively.  Additionally, the aerosol concentration was 
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not uniform throughout the chambers.  In the middle of the chambers, there is some variation in 
aerosol concentration due to the airflow movement.  Additionally, deposition of aerosols occurred 
on the wall and in the corners of chambers, as there are higher concentrations of aerosols in these 
locations.   

The aerosol concentration at a plane height of 0.495 m (midway up the chambers) is shown in fig. 
7.  The particle counter collected aerosols on this plane at 0.46-m-distance from the outlet of the 
first chamber.  The CFD simulation provided aerosol concentrations of 0.21 mg/m3 at distances of 
0.44 m and 0.51 m from the outlet of the first chamber (fig. 7a).  While the simulated values were 
38.2% less than the mean aerosol concentration, the aerosol concentration fits within the range 
given by the standard deviation.  A possible explanation for the difference in aerosol concentration 
between the measured and simulated results is the fact that the aerosols that were generated in the 
simulation were uniform in size (1.15 µm); in the experiment, there was a range of aerosol sizes 
and aerosols larger than 1.15 µm likely contributed to the particle mass in the chambers. 

 
Figure 6. Aerosol concentration at centerline of flow. 
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Figure 7. Aerosol concentration on a plane at a height of 0.495 m in the (a) first and (b) second 
chamber 

 

CONCLUSION The CFD simulation of the airflow pattern and aerosol concentration within the 
experimental chambers was successful.  The simulation indicated that aerosol concentration within 
the chambers was not uniform and that the highest concentration of aerosols occurred close to the 
walls and corners of the chambers.  The simulations could be improved by utilizing aerosols of 
varying sizes, as per the measurements taken from the experiments. 
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