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Abstract 

 
The COVID-19 pandemic hit industry worldwide. One of the key factors to spread this virus is the 
airflow in an enclosed environment. Proper air ventilation should minimize, in a combination of 
the use of personal protective equipment, the spread of this airborne virus. Stagnant air locations 
in a plant are potential sources of contaminant concentration. Therefore, it is important to identify 
these hot spots first. Then, by moving machines, equipment, and people working areas, it will 
allow proper airflow in order to avoid the formation of stagnant points. This type of CFD analysis 
should set the benchmark for future plant machine layout standards under the context of this 
pandemic. The work presented here is a case study on a small chemical industry in Paraguay. 
Results of CFD analysis on air ventilation by changing the working area showed significant 
improvement in ventilation. This allowed industry management to reopen factories keeping its 
employees safe confidently. 
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1. Introduction 
Covid-19 pandemic hit hard worldwide in early 2020. As the virus spread reached every corner of 
the planet, the Paraguay industry sector was not exempt from this situation. Local government 
started a curfew in the second week of March, which forced the industry to stop production. Three 
months later, as a plan of an economic reactivation, the Paraguayan government resolved to reopen 
stores and factories gradually. This leads to mandated hygiene procedures to allow workers to be 
back at manufacturing plants. Among these measures is the mandatory use of face masks. Intensive 
research on virus spread mechanisms was conducted worldwide. One example is the work by Lu 

2412



Proceedings of the 5th NA International Conference on Industrial Engineering and Operations Management 
Detroit, Michigan, USA, August 10 - 14, 2020 

© IEOM Society International 

et al. (2020). In this publication, a case study on the Covid-19 outbreak associated with air 
conditioning in a restaurant in Guangzhou, China, was presented. This analysis showed how 
airflow paths were a critical influence of virus spread, and dining table layout configuration played 
an essential factor in this mechanism. 
Another experimental research work, such as the one done by Ai et al. (2019), conducted 
measurements and evaluations on an airborne transmission between room occupants during short 
term events. Here, it was clear that person to person proximity significantly increases the chances 
of contagions. 
Morawska et al. (2020) proposed an engineering level control to reduce the environmental risks 
for airborne transmission. It was noted that the indoor air cycle through open windows was 
recommended as part of a solution. 
Inspired on a more applied work such as the one from Posner et al. (2003), Gan et al. (1994), Tian 
et al. (2006) where indoor airflow experimental research showed flow behavior when an object is 
a place between inlet and outlet, a solution to improve indoor airflow is proposed for a specific 
case in the local industry. This is a chemical industry called FLUODER S. A. 
 
2. Literature Review 
Air ventilation analysis is often applied to a closed environment where human activity is involved. 
To ensure proper airflow is presented either, guaranteeing a contaminant free human air intake or 
removing undesirable gas, a CFD analysis is performed. Several authors such as Abanto et al. 
(2004) have already worked on airflow modeling, in this case, a computer room facility. His 
findings on the influence of the shape of the ceiling diffuser on the air distribution in the room 
gave us an indication of how important the indoor environment configuration is for proper 
ventilation. Simulations on residential indoor air quality by Yang et al. (2014) showed certain areas 
of a room do not have adequate circulation; hence, a potential point of contaminant concentration 
is developed. A study on the impact of airflow profile in indoor air quality conducted by Sekhar et 
al. (2004) showed different gas concentrations in different room areas; this is CO2, CO, bacteria, 
fungi, etc. 
Fundamental theoretical computation analysis, such as Direct Numerical Simulation (DNS) on the 
zero-equation turbulence model for indoor airflow, have been conducted by Chen et al. (1996). 
Earlier work on fundamentals of flow simulation such as Kulmala (1993), Awbi (1989) made the 
path for further developments in applied computational tools. For this analysis, commercial CFD 
software is used. Flow Simulation from SolidWorks was utilized on a regular PC at the faculty of 
engineering Universidad Nacional de Asuncion (UNA). 
 
3. Model and Mesh Configuration 
In order to create the digital model for this analysis, we have rebuilt it from actual in situ 
measurements. Initially, we intended to use a 3D scanner; however, due to the low-resolution 
output, we have decided not to go through this approach. Figure 1 is showing the actual room 
picture compared to the CAD model. For this analysis, commercial software from Dassault 
Systemes and STAR CCM + was used. The mesh configuration was set to obtain enough elements 
in critical areas such as the boundary layer, orifices, sharp curvatures, and rough surfaces. 
Minimum boundary layer thickness calculations showed a value of 3mm approximately. This was 
computed from the mass conservation equation (i) and boundary layer equations (ii) and (iii). 
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Figure 1: Actual room picture vs CAD model picture 
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… (i) 
 

Where ρ is the air density at 101325 Pascal and 20 Celsius, work fluid is considered 
incompressible; therefore, density is constant. Cross-sectional areas Ai are measured at inlet and 
outlet surfaces. Velocities Vi will be calculated from mass conservation equation (i). The time 
derivative component will be neglected since we are analyzing at a steady-state condition. 
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… (iii) 
 

Depending on the flow regime, i.e., laminar or turbulent, layer thickness δ can be calculated from 
equations (ii) and (iii), respectively. In this work laminar flow is considered when 103 < Rex < 106. 
Turbulent flow is considered when 106 < Rex. Reynolds number is defined as: 
 

𝑅𝑅𝑅𝑅𝑥𝑥 =
𝜕𝜕𝑉𝑉𝑖𝑖𝑥𝑥
𝜇𝜇

 

… (iv) 
 
Again, as mentioned before, we assume incompressible fluid and constant dynamic viscosity μ. 
Local x values are taken from the most extended dimensions in inlet or outlet geometry. 
Then, boundary layer thickness at critical locations were calculated. This can be observed in Table 1. 
 

Table 1. Boundary layer thickness values 
 

Surface Area (Ai) in mm2 Rex Thickness (δ) in mm 
Door 1 16462 4539 3 
Door 2 16462 4539 3 
Exhaust 1 31416 2379 4.1 
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Exhaust 2 125664 595 8.2 
 
This calculation gave us the minimum element size we have to implement at all computational 
domains. 
After proceeding with these calculations, CFD simulation mesh configuration was set up to include 
a minimal number of elements at the critical computational domain. Figure 2 is showing this 
computational domain mesh after calculating the minimum element size. 
 

 
 

Figure 2: A quick global view of meshed computational domain. 
 
4. Boundary Conditions 
The fluid considered here is air at standard conditions. This is the temperature at 20 Celsius and 
pressure at 101325 Pascal. Humidity and other environmental parameters are not taken into 
consideration for this study. There are four openings in the computational domain. Two are outlets 
located at the exhaust fans. The other two are inlets from the existing clearances at the two doors. 
The rest of the boundary surfaces are considered adiabatic walls with no roughness. These surfaces 
included human bodies, furniture, instruments, air conditioning units, and curtains. As for the 
physical conditions, all inlets are set to be at environment pressure, i. e., 101325 Pascal (Pa). The 
two outlet conditions are 60 cubic feet per minute (CFM), the actual exhaust fan technical 
specification. Table 2 summarizes these boundary conditions. Figure 3 shows the surface locations. 
 

Table 2. Boundary conditions 
 

Surface Condition Value Unit 
Door 1 Environment pressure 101325 Pascal absolute (Pa) 
Door 2 Environment pressure 101325 Pascal absolute (Pa) 
Exhaust 1 Volume Flow Rate 60 Cubic Foot per Minute (CFM) 
Exhaust 2 Volume Flow Rate 60 Cubic Foot per Minute (CFM) 
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Figure 3: Top view of the room with surface descriptions. 
 
5. Results and Discussions 
As it can be observed in Figure 4, at the plot view located from 0.1 m above the floor, the stagnant 
areas are clearly spotted from the color scale plot. 
 

  
 

Figure 4: A cut view of the velocity plot from 0.1 m above floor. 
 

When the airflow velocity profile is analyzed at 1 m above the floor, just 0.1 m above the lab 
tables, the velocity profile showed low-velocity areas over these surfaces. This behavior is 
expected since the viscous air forces over solid static surfaces will undoubtedly show this effect. 
This can be observed in Figure 5. 

Door 1 

Door 2 

Exhaust 1 

Exhaust 2 
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Figure 5: A cut view of the velocity plot from 1m above floor. 
 
When the airflow velocity profile is analyzed at 1.7 m above the floor, roughly at the human head 
level, the velocity profile showed low-velocity areas between two adjacent individuals. See Figure 
6. However, the absolute values are not as low as at the 1 m level. 

 
 

Figure 6: A cut view of the velocity plot from 1.7 m above floor. 
 

6. Conclusions 
By analyzing the velocity profile at different planes measured from the floor, we can conclude that 
the worst location where we can see low velocities and stagnant areas is at the table level. While 
at the other levels, we see reasonable fluid velocities. When the head level is analyzed, the low-
velocity areas were observed between two consecutive persons. This confirmed the importance of 
social distancing. Finally, this layout proved to be better than the original, seen in Figure 7. Due 
to the table orientation about the exhaust fans, this configuration showed a much more low-velocity 
spot. Figure 8 is a cut plot of the velocity profile at 1 m levels from the floor. 
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Figure 7: Top view of the room with original layout. 
 

 
 

Figure 8: A cut view of the velocity plot from 1m above floor. 
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