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Abstract 

Natural ventilation for reducing airborne infection has gained extensive attention 
due to its high ventilation rate with low energy consumption. Properly designed 
natural ventilation system in hospital environment is of great importance to both 
patients and health care workers. World Health Organization (WHO) proposed 5 
types of natural ventilation systems in the hospital. In this paper, the potential of 
natural ventilation systems for reducing airborne infection was investigated by 
applying a multi-zone model MIX. The results showed that single-side corridor type, 
wind tower type and chimney type are effective in reducing infection while central 
corridor type should be avoided because it is easy to cause contamination in a 
downstream room. The courtyard type may lead to pollutants re-entering and thus 
its openings should be designed with great care. 

Keywords: natural ventilation; airborne infection; design; multi-zone model 

1. Introduction  

A literature review done by Li et al.[1]shows that there is strong and 
sufficient evidence to demonstrate the association between ventilation and 
infection transmission and high ventilation rate can reduce cross airborne 
infection in spite of that there is lack of evidence of minimum safe 
ventilation rate. As one of the ventilation types, natural ventilation has 
gained more and more our attention due to its high ventilation rate with low 
energy consumption. The ventilation rate in hospital ward ventilated by 
natural force is much higher than that ventilated by mechanical [2, 3]. 
However, natural ventilation has drawbacks such as difficult to be predicted 
and controlled. World Health Organization (WHO) published a guideline for 
natural ventilation for controlling infection in hospital environments in 
2009[4]. It is aimed at finding and designing a proper natural ventilation 



system in hospital wards. In the guideline, five natural ventilation systems 
(exclude hybrid ventilation) were demonstrated, namely, single-side corridor 
type, central corridor type, wind tower type, atrium& chimney type and 
courtyard type. However, these types of natural ventilation systems are not 
evaluated the potential to reduce airborne infections compared to mechanical 
ventilation. 

The purpose of this paper is to explore the potential of natural 
ventilation systems for reducing and controlling airborne infection by means 
of multi-zone model. The results of the present study should provide some 
evidence and basis for further design and improvement of natural ventilation. 
 

2. Methods 

WHO proposed 5 types of natural ventilation systems for infection 
control in health-care settings[4], namely, single-side corridor, central 
corridor, wind tower, atrium& chimney and courtyard. The models were 
established in the present study (see Fig. 1 and Fig. 2). The courtyard type 
can be further divided into two subtypes, i.e. inner corridor and outer 
corridor. We assume different type natural ventilation hospital to evaluate its 
potential to reduce infection. The opening sizes were identical to sizes of 
openings measured in a real hospital ward in Nanjing. The room’s 
dimensions are 6m x 3m x 3m and the width of the corridor is 3m. The 
height of the corridor on each floor is also 3m. The dimensions of a door are 
1.3m x 2.1m, while windows are 0.8m x 1m. All the doors and windows 
were assumed to be entirely opened during the calculation. The dimensions 
of each opening on the rooftop of the building in wind tower and chimney 
type are 2m x 2m. 
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Fig. 1 Models of the five natural ventilation systems 
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Fig. 2 Plan view of the five natural ventilation systems and the room location (from left to right 
are single-side/wind tower, central corridor/atrium, courtyard-inner corridor and courtyard-outer 

corridor) 
 
The pollutant in this study is supposed to be droplet nuclei of which the 

particle size is less than 5 µm. The deposition rate is set as 3h -1 [5-7]. The 
death rate of pathogen entrained by the droplet nuclei is neglected[8] and the 
generation rate of pollutants are 193mg/s which is identical to the value in 
[9]. For symmetry of the building model, the source is located in room 2 in 
the lower floor in each case. 



Three wind directions and five wind velocities are considered in order to 
cover a wide range of true environment. A total of 45 cases were calculated 
and the settings are showed in Table 1. 
 

Table 1. Summary of cases setting 
Ventilation type Wind velocity (m/s) Wind direction (°) 
Single-side (2F) 0.1, 0.5, 1, 2, 4 0, 180 

Central corridor (2F) 0.1, 0.5, 1, 2, 4 0 
Wind tower (2F) 0.1, 0.5, 1, 2, 4 180 

Chimney (2F) 0.1, 0.5, 1, 2, 4 0 
Courtyard (inner, 1F) 0.1, 0.5, 1, 2, 4 0, 90 
Courtyard (outer, 1F) 0.1, 0.5, 1, 2, 4 0, 90 

 
A multi-zone model MIX [10] was applied for conducting numerical 

calculation. The model was used to predict airflow through large openings 
and it has been validated. It should be noted that the temperature of rooms 
and corridors need to be input as a given value. However, these temperatures 
can only be determined by assumption when there lacks specific measured 
data. Here the outdoor temperature is set as 20℃. The air temperatures of 
rooms are assumed to be 2 degrees higher than outdoor temperature[11], i.e. 
22℃ . For wind tower type and chimney type, there is a temperature 
difference in the vertical space and it is supposed that the temperature 
changes linearly with the floor height, i.e. 0.5℃/3m. 
 

3. Results and Discussion 

Fig.3 demonstrates the calculated pollutants concentration of each room. 
These values can be applied to evaluate the potential of natural ventilation 
for reducing airborne infection. 

For single-side corridor type (Fig. 3A&B), when the wind speed is 1m/s, 
the predicted pollutant concentration of the source room is up to 1500mg/m3. 
As the wind speed increases, the pollutant concentration decreases rapidly 
and when the wind speed reaches 4m/s the concentration of a source room is 
dropped to 128mg/m3. It is interesting to find that the concentrations of other 
rooms are zero, which means that those rooms are not contaminated. As for 
different wind directions, Fig. 3A illustrates the case that air flows from 
room to corridor and finally to outdoor, while Fig. 3B shows an opposite 
route. It can be seen that under these two circumstances the distribution 
patterns of pollutant concentration are similar, i.e. maximum concentration 
value appears in the source room and other rooms present zero 
concentrations. 

It is worth noting that the rooms on the second floor were not polluted, 
which implies that the vertical transmission of pollutants did not appear. 



Compared to the condition of single-sided natural ventilation where the 
cascade effect dominates the upward transmission of pollutants emitted from 
the lower room [12-13], the single-side corridor type with openings on both 
sides opened is effective to reduce airborne transmission. 

With regard to the central corridor, the WHO did not recommend it at 
the present stage. It is because the pollutants emitted from the upstream room 
are very likely to be transferred to the downstream room in this case. Fig. 3C 
indicates that the downstream room 6 was seriously contaminated. The 
pollutants concentration of the upstream source room 2 decreased from 
1400mg/m3 to 130mg/m3 with the wind speed increased. It is ventilation that 
effectively dilutes and takes away a large amount of pollutants. However, in 
the downstream room, the pollutants concentration value exceeds 600mg/m3 
under the low wind condition. When the wind speed increases to 0.5m/s, the 
concentration did not go down until the wind speed reached 1m/s. it is 
remarkable that when the wind speed goes over 1m/s, concentrations of the 
upstream source room and the downstream room were approximately equal. 
Therefore, the central corridor type should be avoided when designing 
natural ventilation. However, in large hospitals in China, the central corridor 
type is widely used due to the contradiction between limited capacity of 
hospital wards and large numbers of people. 

Wind tower type and chimney type are not common in Chinese hospital. 
In principle, the wind tower is used for ‘catching wind’ while the chimney is 
used for exhausting air. Thus, air moves in opposite directions in the vertical 
space of these two types. It can be seen from Fig. 3D that except the source 
room, the rest rooms showed zero pollutants concentration, which is similar 
to the single-side corridor. However, by comparing concentrations of the 
source room of single-side corridor and wind tower, it can be found that with 
the same wind speed, the pollutants concentration in the wind tower type is 
much lower than the concentration in the single-side type. 

Fig. 3E reveals a significantly lower concentration than other types. 
When the wind speed is 0.1m/s, the concentration of the source room is just 
512mg/m3, which is one third of the concentration of the single-side corridor 
type with the same wind speed. As the wind speed goes up, the pollutants 
concentration further decreased. The possible reason is that the dominant 
driving force of the chimney ventilation is the stack pressure. It is the 
pressure difference which is produced by vertical temperature difference in 
the chimney that drives airflows. Thus, the pollutants produced in the source 
room can still be effectively exhausted in spite of the low wind speed. In 
addition, the downstream room 6 was slightly contaminated (<12mg/m3), for 
which the reason is similar to that of the central corridor type but the 
pollution is remarkably less serious. 

The distribution pattern of pollutants concentration of courtyard types 
are showed in Fig. 3F, G, H and I. Obviously, concentrations of the inner 
corridor subtype and outer corridor subtype present similar pattern. The 



concentration of the source room is notably higher than those of other rooms 
and other rooms are contaminated with different degrees. Take the inner 
subtype as an example, when the wind speed is 1m/s and the wind direction 
is 0, the concentration of the source room is about 400mg/m3 while 
concentrations of other rooms are 80mg/m3 except the adjacent room1. It is 
of interest to see that concentrations of most rooms are approximately equal 
to each other though opening directions are different. The result implies that 
on the one hand, the courtyard type exhausts pollutants to the outside (the 
central space of building) and as a result the central space becomes a high 
concentration zone, thus the emitted pollutants are likely to re-enter the 
rooms and cause cross contamination. On the other hand, the pollutants in 
the central space disperse freely to all the directions. It is because that the 
openings of rooms and corridors are stagger, indoor air needs to pass through 
a complex route other than a straight route to be exhausted. In this case, the 
wind force is insufficient to carry pollutants to the downstream and thus 
concentrations of rooms with different opening directions are approximately 
equal. 
 

L11 L12 L13 L14 L21 L22 L23 L24
0

400

800

1200

1600

 

 

C
on

ce
nt

ra
tio

n 
(m

g/
m

3 )

Room

 v=0.1 m/s
 v=0.5 m/s
 v=1.0 m/s
 v=2.0 m/s
 v=4.0 m/s

single-side corridor
wind direction=0°

A

L11 L12 L13 L14 L21 L22 L23 L24
0

400

800

1200

1600

B single-side corridor
wind direction=180°

C
on

ce
nt

ra
tio

n 
(m

g/
m

3 )

Room

 v=0.1 m/s
 v=0.5 m/s
 v=1.0 m/s
 v=2.0 m/s
 v=4.0 m/s

 

L11L12L13L14L15L16L17L18L21L22L23L24L25L26L27L28
0

400

800

1200

1600

C central corridor
wind direction=0°

C
on

ce
nt

ra
tio

n 
(m

g/
m

3 )

Room

 v=0.1 m/s
 v=0.5 m/s
 v=1.0 m/s
 v=2.0 m/s
 v=4.0 m/s

L11 L12 L13 L14 L21 L22 L23 L24
0

400

800

1200

1600

D wind tower
wind direction=180°

C
on

ce
nt

ra
tio

n 
(m

g/
m

3 )

Room

 v=0.1 m/s
 v=0.5 m/s
 v=1.0 m/s
 v=2.0 m/s
 v=4.0 m/s

 



L11L12L13L14L15L16L17L18L21L22L23L24L25L26L27L28
0

200

400

600

800

1000

1200

1400

1600E atrium & chimney
wind direction=0°

C
on

ce
nt

ra
tio

n 
(m

g/
m

3 )

Room

 v=0.1 m/s
 v=0.5 m/s
 v=1.0 m/s
 v=2.0 m/s
 v=4.0 m/s

L11 L12 L13 L14 L15 L16 L17 L18
0

400

800

1200

1600

F courtyard (in corridor)
wind direction=0°

C
on

ce
nt

ra
tio

n 
(m

g/
m

3 )

Room

 v=0.1 m/s
 v=0.5 m/s
 v=1.0 m/s
 v=2.0 m/s
 v=4.0 m/s

 

L11 L12 L13 L14 L15 L16 L17 L18
0

400

800

1200

1600

G courtyard (in corridor)
wind direction=90°

C
on

ce
nt

ra
tio

n 
(m

g/
m

3 )

Room

 v=0.1 m/s
 v=0.5 m/s
 v=1.0 m/s
 v=2.0 m/s
 v=4.0 m/s

L11 L12 L13 L14 L15 L16 L17 L18 --
0

400

800

1200

1600H courtyard (out corridor)
wind direction=0°

C
on

ce
nt

ra
tio

n 
(m

g/
m

3 )

Room

 v=0.1 m/s
 v=0.5 m/s
 v=1.0 m/s
 v=2.0 m/s
 v=4.0 m/s

 

L11 L12 L13 L14 L15 L16 L17 L18
0

400

800

1200

1600I courtyard (out corridor)
wind direction=90°

C
on

ce
nt

ra
tio

n 
(m

g/
m

3 )

Room

 v=0.1 m/s
 v=0.5 m/s
 v=1.0 m/s
 v=2.0 m/s
 v=4.0 m/s

 
Fig. 3 Predicted pollutants concentrations of each room (the horizontal axis represents room 

number, e.g. L13 stands for room no.3 located on the first floor) 
 

4. Conclusions 

In this paper, a multi-zone model MIX was applied to carry out 
numerical computation of 5 natural ventilation systems. The distribution 
patterns of pollutants concentration were revealed and were used to evaluate 
the potential of natural ventilation for reducing airborne infection in hospital 
environments. The conclusions are listed as followings: 

- The pollutants dispersion in both vertical direction and span-wise 
direction are limited in the single-side corridor type when openings on the 
both sides are open and thus it can effectively reduce airborne transmission. 

- The downstream room would be seriously polluted in the central 
corridor type thus it should be avoided. 



- The wind tower type and chimney type may be more effective than 
single-side corridor type in reducing airborne infection, especially for the 
chimney type, which drives by stack pressure and is effective in the low 
wind condition. 

- The central space of the courtyard type is likely to result in cross 
infection and thus the opening location and direction should be carefully 
designed. 
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