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Abstract - This paper studies the effect of natural ventilation on the spread of the COVID-19 virus 
from a patient room to an adjacent room with the help of airflow. The importance of this study is 
since COVID-19 virus contamination can easily transfer with the airflow from one room to the next 
room or adjacent corridor. This paper aims to determine the effect of natural ventilation on the 
contamination of the spaces next to the COVID-19 patients’ room. 
For this evaluation, we have used mechanical modelling and CFD simulation to evaluate the effect 
of natural ventilation on the transmission of COVID-19 with the airflow from a contaminated space 
to a clean space. During this study, we have calibrated the CFD model using one actual case, that 
was studied in a wind tunnel, and verified the modified model with the actual existing case. The 
simulated CFD model showed a reasonable accuracy for the prediction of ventilation in indoor 
spaces. 

Results showing the room geometries with air inlet/outlet that positioned at either bottom or top of 

the room will result in less COVID contamination dissemination through natural ventilation. In 
addition, in case of having the inlet/outlet in middle and positioning face to face and as well in the 
case of having max natural air velocity, the maximum contamination will exhaust from the space. 

 
 
Keywords – CFD, contamination dissemination, COVID-19, Hospital Room, Natural Ventilation.   
 
 

Introduction  
 
In resource-limited settings, natural ventilation has advantages over mechanical ventilation in the 
fight against the institutional transmission of airborne infections. While well-maintained negative-
pressure isolation facilities are the optimal standard of care for infectious respiratory patients. 
However, they are too costly for many limited-resource settings and are restricted to small high-risk 
areas of health care settings, neglecting many important areas of potential transmission such as 
emergency departments and waiting rooms (Granich et al, 1999). While in the case of airborne 
disease transmission of airborne infections to staff, relatives, and other patients are even more 
common in the developing world, where health care facilities may disseminate every infection they 
are attempting to control. In resource-limited settings lacking negative- pressure respiratory 
isolation, natural ventilation by opening windows is recommended (Escombe et al, 2007). Dilutional 
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ventilation with fresh air becomes critical for airborne infection control whenever infectious and 
susceptible people share air space without the use of particulate respirators, such as in waiting 
rooms, outpatient clinics, emergency departments, shared wards, and investigation suites (Granich 
et al, 1999). 

Because at present, little is known about the aerodynamic characteristics and transmission 
pathways of SARS-CoV-2 in aerosols; (Liu et al, 2020) Also there are more pieces of evidence 
indicating evidence that the virus can also be transmitted by inhalation of microscopic droplets (i.e. 
aerosols) at short-to-medium range because the virus has been found in small aerosols that can 
remain in the air for hours,  and it has been shown to maintain viability in such aerosols (Asadi et 
al, 2020; Liu et al, 2020; Van Doremalen et al, 2020) There is sufficient evidence that the Corona 
Virus can remain alive in the air with a half-life on the order of 1h. Aerosol transmission of SARS-
CoV-2 remains viable and infectious in aerosols for hours and on surfaces up to days (Doremalen 
et al, 2020). Considering the fact that aerosol transmission has been suggested to be an additional, 
yet important pathway, based on clinical observations in confined spaces (Offord, 2020). 
 
Natural ventilation  
Natural ventilation strategies refer to different forms of drawing air into the building and extracting it 
from the building (Wood and Salib, 2013). Natural ventilation (NV) is one of the beneficial ways to 
ameliorate the indoor air quality while it has the potential to diminish the rate of energy usage for 
cooling the building (Zhai et al, 2015). 

There is a consensus on categorizing these methods which are presented here based on 
the papers skimmed. The benefits of natural ventilation are apparent for a human being because 
they are familiar with some of them in their vernacular architecture. Lots of studies have been 
carried out and proved their reconcilable evidence. The figure1 illustrates the relationship between 
air pollution in indoor space with airflow rate in which it is clear that there is a direct relationship 
between these two features (Wood and Salib, 2013). 

Some studies show that in buildings that use natural ventilation fewer symptoms have 
been reported in comparison with the buildings which use mechanical ventilation (Emmerich et al, 
2001). 

 
Figure 1: Natural ventilation for indoor air quality showing the relation of pollution level to the airflow rate 

Source: Wood and Salib, 2013 

 
The principals of natural ventilation 
Pressure differences across envelope openings are the key feature based on it the strategies of 
natural ventilation are evolved. These pressure differences are caused by wind, differences 
between indoor and outdoor air temperature, and the combination of both. Hence, they can be 
categorized as wind-induced and buoyancy-induced ventilation (Wood and Salib, 2013). 

The same classification has been proposed by Emmerich et al. in his paper by a small 
difference. In his paper, he has categorized natural ventilation strategies in 3 different approaches 
(Table 1) and indicates that most of the hybrid systems are combinations of these 3 main 
approaches to natural ventilation: 

• Wind-driven cross ventilation, 
• Buoyancy-driven stack ventilation, and 
• Single-sided ventilation (Emmerich et al, 2001). 
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Table 1: natural ventilation strategies 

Approach Definition Requirements for enough 
ventilation flow 

Schematic  

Wind-driven 
cross 
ventilation 

Occurred through 
openings on opposite 
sides of an enclosed 
space 

Considerable differences in 
wind pressure between inlet 
and outlet openings- minimal 
resistance to flow 

 

(Escombe et 
al, 2007) 

Buoyancy-
driven stack 
ventilation 

Occurred as a result of 
the difference in 
density between cool, 
outdoor air and hot, 
indoor air 

Existence of opening in 
different levels (lower 
ventilation opening and higher 
ventilation opening, a chimney, 
atrium)  

(Escombe et 
al, 2007) 

Single-sided 
ventilation 

Occurred in a single 
room as a local 
ventilation solution 

Room-scale buoyancy effect, 
small differences in envelope 
wind pressure and/or 
turbulence 

 

(Escombe et 
al, 2007) 

Combined 
method 

Occurred in a single 
building to enhance 
the effectiveness of 
the natural ventilation 

The requirements of all 3 
approaches above 

 

(Escombe et 
al, 2007) 

 

 
Irving and Clements-Croome (Irving and Clements-Croome, 2005) in their paper 

summarize the natural ventilation strategies based on the layout of the building (Table 2). The 
mentioned paper provides the schematic of any kind of natural ventilation form and the proper rate 
of its effectiveness (Irving and Clements-Croome, 2005). the mentioned table is completed thanks 
to findings obtained from Chenari et al paper (Chenari et al, 2016). 

Table 2: The natural ventilation strategies based on the layout of the building 

strategy condition types characteristics diagram  

Single-
sided 
ventilation 

 

Existence of 
opening(s) on one 
side of the 
enclosed space 
and internal doors 
on the other side 

Single 
openin
g 

The main portion of 
ventilation carried out 
by wind turbulence- the 
rate of ventilation, in 
this case, is lower than 
the other strategies 

 

 

(Liu et al, 
2020) 
 

Existence of 
opening(s) in 
different height of 
the facade 

Double 
openin
g 

The ventilation rate 
improves because of 
the stack effect- vertical 
separation of the 
openings and variation 
in temperature of inside 
and outside enhance 
flows 

 

 

(Liu et al, 
2020) 
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strategy condition types characteristics diagram  

Cross 
ventilation 

Openings are on 
both sides of the 
space 

- 

This case is driven by 
wind, but it can be 
driven by density 
differences in an 
attached vertical 
chimney 

 

(Liu et al, 
2020) 
 

 

 

Comparison between buildings that use natural ventilation and the ones which use hybrid 
ventilation shows that in the region with enough wind speed for cross-ventilation, natural ventilation 
surpasses the hybrid system while in the region without this feature hybrid systems work better 
than natural ones. Hybrid systems can be categorized into 3 main groups: 
• Natural and mechanical ventilation, 
• Fan-assisted natural ventilation, 
• Stack and wind-assisted mechanical ventilation. 
These methods can be used separately or as a combination (Chenari et al, 2016). 
 
The necessity of investigation of natural ventilation 
Based on a review study (Cao et al, 2014). There is a considerable relationship between the 
ventilation rate and the health of the occupants. The mentioned study refers to the association of 
air movement in the building with the spread of infection such as measles, tuberculosis, 
chickenpox, influenza, smallpox and SARS. This paper which states that “there is a lack of 
evidence in investigating the effect of the airflow distribution methods on the quality of the indoor air 
which influence the spread of respiratory disease” focuses on the mentioned gap and tries to meet 
the need for comprehensive literature review in this field (Cao et al, 2014). Also, opportunistic 
airborne transmission usually occurs during aerosol-generating medical procedures (Christian et al, 
2004). 

This comprehensive research indicates that there is no quantified evidence related to the 
association of the airflow rate and spread of infection in gathering spaces like schools, offices, etc. 
and it needs more studies (Behne,1999). An air-flow pattern in the ventilated room is categorized 
into two main types: mixing ventilation, displacement ventilation (see figure 2). In mixing ventilation, 
the process of ventilating is in the way the whole air of the room is completely mixed and the 
concentration of contaminants in the entire room is the same.  

Displacement ventilation works by buoyancy forces as the cool, fresh air tends to stay at a 
lower level and the hot air tends to go up (see figure 3). This process makes airflow in enclosed 
spaces. 

 
Figure 2: spreading of tracer gas near the manikins being both the heat and tracer gas source, with 

displacement flow and mixing flow  

Source: Behne,1999 
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Figure 3: logic of convection flows  

Source: Skistad et al, 2002 

 

Research Method 
In this work, a three-dimensional numerical scheme using the Computational Fluid Dynamics 
(CFD) method was developed to analyze natural ventilation flow behavior within the specified 
rooms, and the accuracy of these numerical simulations was verified against literature results with 
experimental data (Tominaga and Blocken, 2015; Ramponi and Blocken, 2012). During this study, 
we have calibrated the CFD model using one actual case, that was studied in a wind tunnel, and 
verified the modified model with the actual existing case. The simulated CFD model showed a 
reasonable accuracy for the prediction of ventilation in indoor spaces. After verification, sets of 
numerical simulations were conducted to analyze the critical parameters to find an optimum 
operating condition. 
 

 
Figure 4: wind-tunnel experiment of the base room model 

  Source: Tominaga and Blocken, 2015 

 
Following, a 3D model using the CFD method assuming Eulerian-Eulerian multiphase flow 

was implemented to predict fluids distribution in the system. Accordingly, the existence of two main 
fluid phases is assumed: a) continuous phase (air); b) displaced phase (contamination). In this 
study, we assumed that the mixture of COVID-19 virus and air is a contamination phase.  
Therefore, for this study we have considered the three following geometries of the patient room and 
its adjacent rooms: 

• Geometry I:  Two adjacent rooms with a door in between, and two windows (as 
fresh air inlet and outlet) are positioned face to face.  

• Geometry II:  Two adjacent rooms with a door in between, the inlet positioned at 
top of the patient room and the outlet positioned at the bottom of the adjacent 
room. 

• Geometry III:  Two adjacent rooms with a door in between, the inlet positioned at 
the bottom of the patient room and the outlet positioned at the top of the adjacent 
room. 
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Geometry I Geometry II Geometry III 

   
 
The simplified layouts of the room set are illustrated in Figure 5. In the hospital spaces, this 

room configuration can be considered in two possible plans. First, and most common, is to have a 
patient room adjacent to a corridor (figure 5b). In this situation, the contamination can easily spread 
between the patient room and the corridor, and within the corridor to the other spaces. In a similar 
situation, when two patients’ rooms are adjacent, airflow can transmit viral contamination like 
COVID-19 to the next patient room (figure 5a). 

 

 
 

a) Two adjacent patients’ room  b) A patient room next to the corridor 

Figure 5: Hospital room with an adjacent space next to a patient room 

 
In this regard, ANSYS Fluent software has been employed as a modelling tool. The 

governing equations are explained are as follows (Yan et al, 2020) (note that the subscripts “a” and 
“c” indicate the air and contamination phases, respectively): 

 
Continuity equation: 

( ) .( ) 0a a a a a
t
    


+ =


        (1) 

1a c + =         
(2) 

Momentum equation: (for each phase) 

( ) .( ) .i j P g
t
     


+ = −  + +


        (3) 

2
( ) ( ) .

3

T

I       =  + + −          (4) 

For solving the required equations, different procedures and algorithms were implemented (van 
Hooff et al, 2017; Mahdavinejad et al, 2013). The pressure-velocity equations were coupled using 
the SIMPLE (Semi-Implicit Method for Pressure-Linked Equations) algorithm. Besides, momentum, 
volume fraction, and pressure equations were discretized using second-order upwind, QUICK 
(Quadratic Upstream Interpolation for Convective Kinematics), and least squares cell-based, 
respectively. 

And to be able to see the effect of airflow in transmitting the contaminated air volume, three 
different air inlet velocities are implemented for the three above mentioned room geometries. 

In total, we have considered the cases based on the following factors (~30 cases): 
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Velocity Natural air attack angle Geometry 

V1 = 4 m/s + 45 I = inlet/outlet in middle 

V2 = 2 m/s + 90 II = inlet/top , outlet/bottom 

V3 = 0.5 m/s + 135 III = inlet/bottom , outlet/top 

 
And to be able to compare different cases together, the reference time (T) is defined as the 

following: 
T = The time that the contamination phase touches the outlet window, where the inlet 

velocity has the lowest value. 
(Geometry = I, Attack angle = +90 and Velocity = 0.5 m/s) 

 

Results and discussion  
Effect of windows (inlet/outlet) positioning  
By processing the CFD analysis for all of the cases, considering all the three different velocities of 
natural ventilation as previously defined, the spreading patterns of contamination phase are shown 
in figure 6. Also, the percentage of contamination (ratio of contamination volume to the total volume 
of rooms) is indicated separately in the results in table 4. 
 

 V1 V2 V3 

I 

   

II 

   

III 

   
 

Figure 6: Result of 3D CFD natural airflow simulation of the two adjacent rooms. 
 

Estimated risk of COVID-19 contamination by natural ventilation 
In this scenario, the aim is to investigate the amount of contamination in the adjacent space next to 
an infected patient room with the presence of COVID-19 patients. To be able to predict such 
contamination with the help of airflow, as the first step we have simulated our base model 
(Geometry = I, Attack angle = +90 and Velocity = 4 m/s) with natural airflow exposure over the time 
evolution.   
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a) t =1/6 T b) t = 2/6 T c) t = 3/6 T 

 
  

d) t = 4/6 T e) t = 5/6 T f) t = 6/6 T 

Figure 7: Contamination dissemination simulated for the geometry I with an attack angle of +90 and the 
velocity of 4 m/s by time evolution. 

 
Based on figure7, the COVID contamination dissemination is obvious by time evolution. 

With having natural ventilation, the flow makes some turbulence and air mixing effects in the 
patient’s room (figure 7a) and then the contamination penetrates the adjacent room by making 
turbulences and air mixing flows just nearby the outlet window. (figure 7b) and this mixing effect 
continues till the whole second space is contaminated by the flow, to the point that both the patient 
room and adjacent room are fully contaminated (figure 7f) 

To be able to evaluate better the airflow behavior and its dissemination of contamination, 
we have analyzed the natural ventilation in two extreme velocities for all three geometries. As 
depicted in Figure 8, the max velocity, make a quick swift of contamination from the patient room to 
the adjacent room for I and II geometries. But when the inlet is at the bottom and the outlet is at the 
top of the adjacent room, even in the max velocity the contamination dissemination is less than the 
other two cases. Making the geometry III, as the optimum response in the cities with higher natural 
wind velocities to reduce contamination dissemination from one space to another (figure 8a). While 
in studying the case with minimum velocity the lowest contamination dissemination is related to 
geometry II (figure8b). Therefore, for the cities with lower natural wind velocities, this should be an 
optimum case for having natural ventilation to minimize COVID dissemination from one space to 
another. 

I II III 
a) Max Air Velocity (t = 6/6 T) 
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a) Min Air Velocity (t = 18/6 T) 

   

Figure 8: Extreme velocity values shows the different dissemination by natural ventilation 

 
Evaluation of COVID contamination dissemination in the adjacent room to the patient room 
We have summarized the results for all geometries in the following table by specifying the natural 
wind velocities for each case. The results are representing the volume fraction percentage of 
contamination in each case. 

Table 4: The results for all geometries 

  Patient 
room 

Adjacent 
room 

Exhausted 
contamination 

I 

V1 40 % 36 % 24 % 

V2 78.8 % 17.2 % 4 % 

V3 98.5 % 1.5 % 0 % 

II 

V1 64 % 14 % 22 % 

V2 84 % 5 % 11 % 

V3 94.5 % 3.5 % 2 % 

III 

V1 74.5 % 10.5 % 15 % 

V2 80 % 14 % 6  % 

V3 93.5 % 5.5 % 1 % 

 
Considering all the geometries and velocities together for the three scenarios of a) patient 

room, b) adjacent room and c) exhausted contamination, we can illustrate the results in the flowing 
format as a graph (see figure 9). 

Based on our results, for the patient’s room, the lowest contamination concentration will 
result by geometry I and V1 (max velocity) and the highest contamination results in the same 
geometry with having V3 (min velocity). While in the adjacent room, the results are vice versa. The 
highest contamination is by having the geometry I and V1 and the lowest report is the geometry I 
and V3. And in case of having the inlet/outlet in middle positioning face to face, in case of having 
max natural air velocity, the maximum contamination will exhaust from the space. 

 
Figure 9: Contamination percentage for each space considering all scenarios 
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Effects of airflow direction on contamination dissemination 
It is worth mentioning that we have investigated the effect of the natural air inlet angle for air 
penetration into this space as well. This effect is studied in three different inlet angles of 
+45,+90,+135 degrees from the window axis. 

In the table below, the red spots are showing the concentration of the contaminated air with 
the virus. It is obvious that in general, the inlet angle of +45 and +135 have less amount of 
contaminated air in both simulated rooms. The reason is due to the effect of mixing the fresh air 
and the contaminated air in the first space. It means that when the inlet angle is not perpendicular 
to the wall, there is more chance of fixation of the fresh air and contaminated air, and this will lead 
to removing the contamination with the airflow from both spaces.  

This should be considered that if the reason for using the natural ventilation in the patient’s 
room is just to remove the contaminated air, the direct angle of +90 is the worst scenario since it 
causes the minimum air mixing and causes maximum air turbulence at the room that stock the 
contamination in the space. Therefore, if the direction of the inlet remains on +90, the effect of 
positioning of the inlet/outlet is minimized and we have the highest of contamination remaining in 
the space. For sure there is a need for a different study to find the optimum angle of airflow to 
minimize the contamination in the space. 

 

  Orientation all 9 cases  
 I II III 

+135 

   

+ 90 

   

+45 

   

 
Conclusion 

The chart below is revealing the main conclusion on the results. As in total, we considered 
three different inlet wind velocities for our three different inlet/outlet positions in the patient’s room, 
at the end we came up with the nine different situations for the contamination of the space adjacent 
to the patient's room. To better understand this effect, we have isolated the flow and the volume of 
the contamination in this space and presented the results in the chart below.  

As it is screening in the results, the higher inlet velocity leads to the higher amount of 
contamination in the second space; similarly, the lower the inlet velocity leads to the lower 
contamination in the second space.  

Since the total amount of contaminated air volume by COVID-19 virus is presumed fixed, by 
mixing air in two space and ventilation from one space to another, the concentration of 
contamination directly affects the other space as well. Meaning that whenever we have a surge in 
contamination in one space in the other space the results will be in contrast. 

For the adjacent room, as portrayed in figure 10, the best-case scenario is having the low 
velocities. Meaning that V3 in all geometries resulting in less contamination transmission from the 
patient’s room. Therefore, this should be as the general rule that minimum ventilation rate results in 
less dissemination regardless of input/output positioning. This is indicating that in such situation 
there is the minimum record of exhausted contamination from the both spaces. So, there is a need 
for special attention that although with lowering the ventilation rate and inlet velocity we can control 
the dissemination, but low velocities results in fewer exhaustion from contaminated spaces and this 
results in accumulation of contamination in the patient room. 
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The worst-case scenarios for COVID dissemination from one space to another, happen 
when the velocities are at the highest possible rate. Meaning that the higher the ventilation rate, the 
higher dissemination from one space to another. In this situation is advised to use air filtration or 
direct exhaust of the contamination air to outside space to avoid further contamination. This logical 
since based on figure 11, the extremes values of the adjacent room contamination and exhausted 
contamination are following the same trends; meaning that the lower the exhausted contamination 
the lower dissemination and vice versa. 

 

 V1 V2 V3  

I 

   

 

II 

   

III 

   
Figure 10: Contamination percentage for each space considering all scenarios 

 
Outcomes are showing that the inlet at the bottom and outlet at the top will consequence in 

less contamination in the second space at higher inlet velocities. And considering the bottom to top 
positioning of inlet and outlet for natural ventilation should be a considerable solution in removing 
the contamination. 

Base on figure 11, the best exhaustion is related to geometry I with inlet/outlet face to face of 
each other. Also having the air inlet at the top of the space will result in better air exhaustion. Also, 
the extreme values of contamination percentage of the patient room and its adjacent room are 
opposite of each other due to being connected and having air movement and air mixing effects. 

It is important to consider if the purpose of natural ventilation is bringing fresh air to the 
patient room and exhausting the contamination the higher velocity (V1) and geometry I with face-
to-face inlet/ outlet would be the optimum option. And if the purpose of the ventilation is minimizing 
the contamination dissemination to the adjacent room the lowest velocity (V3) with the air inlet at 
the bottom of the patient room will be optimum case. 
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Figure 11: Contamination dissemination for all geometries and scenarios 

 
Besides, lower inlet velocity will cause the minimum contamination transmission to the 

second space; but the problem, in this case, is that minimizing the inlet velocity, the contaminated 
air stays at the patient's room and does not leave the space. Also, Results showing the room 
geometries with air inlet/outlet at positioned at either bottom or top of the room will result in less 
COVID-19 contamination dissemination through natural ventilation. And in case of having the 
inlet/outlet in middle positioning face to face, in case of having max natural air velocity, the 
maximum contamination will exhaust from the space. 
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