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Abstract: 
Natural ventilation of buildings is a design strategy for passive cooling of buildings 
that can be considerably efficient if design parameters are correctly established. In 
Brazil, the Sarah Network of Rehabilitation Hospitals projected by the architect João 
Filgueiras Lima has sheds as landmark architectural element in all hospitals. Besides 
being and architectural characteristic, they promote natural lighting and ventilation.  
Thus, this paper aims to analyze the sheds of two hospital buildings, located in the 
cities Salvador and Rio de Janeiro, with the purpose of highlighting if and how 
occurring architecturally changes influence in obtaining more efficient natural 
ventilation. The analysis is done through the construction of physical models to be 
tested in a boundary layer wind tunnel. The tests include measurements of wind speed 
in several points outside and inside the buildings, using hot-wire anemometer. The 
results show that the ward of the Rio de Janeiro hospital is significantly best 
ventilated, due to their windows and sheds system.  
Key-words: Wind tunnel, natural ventilation, shed, Sarah Network of Rehabilitation 
Hospitals, João Filgueiras Lima. 
 
1. Introduction: 
Natural ventilation in the tropics is an efficient design strategy for achieving thermal 
comfort and reducing energy consumption. The use of natural resources and the 
characteristics of the climate improve the integration of the building with the 
surroundings and by providing comfort through passive conditioning systems. 
According to Jones (2001) one of the main benefits of natural ventilation is the 
reduction of energy consumption, because it minimizes the use of mechanic 
ventilation systems and air conditioning. Besides that, the importance of natural 
ventilation is also for the health of environments and their occupants, since it allows 
renovation of indoor air in a room. 
In Brazil, the architect João Filgueiras Lima, Lelé is known for using strategies of 
natural lighting and ventilation in his designs. The highlight of his architecture 
production is the Sarah Kubitschek Network of Rehabilitation Hospitals, considered 
real examples of bioclimatic architecture, due to their passive solutions for comfort. 
The Sarah Network is constituted of ten hospitals. The first was built in 1980, in 
Brasília. In the following years hospitals were built in the cities of São Luís, Salvador, 
Belo Horizonte, Fortaleza, Rio de Janeiro (Children’s Center), Brasília (North Lake), 
Macapá, Belém, and again in Rio de Janeiro, which opened in 2009. 



Natural ventilation is one of the main aspects of their design. In Brazil, a country with 
large extensions of tropical climate, and because most of these network hospitals are 
located in hot and humid regions, the use of natural ventilation as a strategy for 
achieving thermal comfort is essential. In these regions the natural ventilation is the 
simplest strategy to promote thermal comfort when the internal temperature is high. 
It is important to highlight that as the Sarah Network is constituted of rehabilitation 
hospitals, designed for the treatment of patients with illnesses of the locomotor 
system, the use of natural ventilation is extremely favorable. In these hospitals there 
are no patients with infectious illnesses, therefore with no impact in infection 
propagation. The specialization of these hospitals prevents the natural ventilation to 
carry bacteria to the hospital environment.  
Although the extensive use of natural ventilation, most Sarah Network Hospitals are 
air conditioned in environments that require rigorous control of temperature, humidity 
and pressure, such as: surgical rooms and radiology. This is to maintain the asepsis of 
the rooms and the functioning of equipment. In the more flexible environments, such 
as ward and the rehabilitation areas, cross ventilation is used through vertical fluxes. 
The air enters through the underground maintenance tunnels, goes to the internal 
environments and then is extracted by the shed windows.  
The sheds are architectural elements with strong presence in all buildings of Sarah 
Network. The main function of these elements is to promote natural lighting and 
ventilation. They facilitate the extraction of hot air, because their windows are located 
on the roof. Over 30 years of Sarah Network, the hospitals have changed a lot, as well 
as the geometry of the sheds. Seeking to improve the efficiency of the elements, the 
architect modifies these solutions in each new project. 
The effects of natural ventilation can be studied through computer simulation using 
CFD or through wind tunnel studies.  It is important to quantify variables such as 
speed, pressure, temperature and pressure coefficient to study the effects of the wind 
in a building. Through tests in the wind tunnel similar conditions to what occurs in the 
atmospheric environment can be reproduced. It is possible to study the behavior of the 
wind in the urban scale and in the building. 
Thus, this paper aims to analyze the efficiency of the geometry of the Sarah Hospital’s 
sheds located in the cities of Salvador and Rio de Janeiro (figures 1a and 1b) through 
tests in the wind tunnel, with the purpose of highlighting if and how occurring 
architectural changes influence in obtaining more efficient natural ventilation. 

 

 (a)  (b) 
Figure 1: Salvador and Rio de Janeiro Hospitals, respectively: (Actors Collection, 2008) 

 



It is worth noting that strategies of natural ventilation are not used in most commercial 
buildings in Brazil, and particularly in hospital buildings. Due to hot and humid 
climate in various regions of the country, the energy consumption for air conditioning 
is excessive. Particularly in the cities of Salvador and Rio de Janeiro, passive 
strategies should be present to achieve a comfortable environment. In this context lies 
the importance of research about natural ventilation in hot and humid climate. 
Besides, this performance analysis of different types of sheds allows design 
recommendations with good use of natural ventilation. 

 
2. Methodology: 
The efficiency of the geometry of the sheds with respect to natural ventilation was 
analyzed through the construction of models and tests in boundary layer wind tunnel 
(COOK, 1973; BLESSMANN, 1982; COUNIHAN, 1969). The dimensions of the 
wind tunnel test section are 0.90m width and 0.80m height, with a total cross-section 
area of 0.72m2. Module models relative to the wards of this hospital were built, 
because they are places with a stay of patients and considering the incidence of 
dominant winds. The scales used for the construction of physical models were defined 
according to the dimensions required by the test section of the tunnel. The table below 
presents the data relative to each reduced physical model. 

 
 

Table 1: Data for each reduced physical model 
 Salvador Hospital Rio de Janeiro Hospital 

Scale 1:40 1:55 
Frontal área 0.048m2 0.050 m2 

 
 

To measure the internal speed of the models in the wind tunnel, four miniature sensors 
of hot wire anemometer (Multichannel, Dantec) (OWER and PANKHURST, 1977) 
were installed inside the models, through holes on the bottom of the models. Three 
sensors were located in central points and a sensor near the air vents in the walls, 
according to figures 2a and 2b, and 3a and 3b. All internal sensors were placed at a 
0.80m height from the floor, that is, the height of the patient´s body lying on a 
stretcher. 
Two sensors were installed outside the model. To measure the external wind speed 
before reaching the physical model, a sensor was located in front of the model. Thus it 
was possible to achieve the value of the undisturbed flow. Finally, to know the value 
of wind speed near the sheds, a sensor was installed at the top of the external model, 
near these elements, according to figure 4a and 4b (CTRS COLLECTION, 2008).   

 
 
 
 



 
 

(a) 

 (b) 
Figure 2: Location of measuring points in the Salvador Hospital – values in meters. Source: 

(CTRS Collection, 2008). 
 
 

 
(a) 

(b) 
Figure 3: Location of measuring points in the Rio de Janeiro Hospital– values in meters. 

Source: (CTRS Collection, 2008). 
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Figures 4a and 4b: Hospitals of Salvador and Rio de Janeiro instrumented, respectively. 

The results for each hospital are presented as tables and graphs and compared to 
verify how the geometry of the sheds influences the indoor natural ventilation.  

 
3. Results: 
The main difference between Salvador and Rio de Janeiro hospitals is the geometry of 
the sheds and natural ventilation system. In the first case, the sheds favor the suction 
effect of the air, because they are oriented in the opposite direction of the dominant 
winds. In Rio de Janeiro hospitals, the sheds are in the same direction of the dominant 
winds which allows catching the winds. In relation to roofing systems, in the Salvador 
hospitals, the sheds are bounded in each environment, with ceiling height varying 
from three meters in the lower level and 4.50m in the upper level. These 
characteristics make them less flexible to adaptations, to maintenance and to natural 
ventilation system. On the other hand, the roofing system in Rio de Janeiro hospital is 
completely independent of the internal spaces, with variable ceiling height always 
greater than eight meters; the natural ventilation in this hospital is therefore better 
explored. 
In tests of module models of the Salvador and Rio de Janeiro hospitals, the air speed 
was measured in six points shown in Figures 2 and 3. An external point was located at 
a distance equivalent to 8 m from the front of the hospital, at a height of 6 m above 
the ground (P1) and the other point, to 1 m above the shed (P6). Among the internal 
points, three points were located on the centerline of the ward in the longitudinal 
direction to the incident wind in the building (P2, P3 and P4). The other was located 
in the perpendicular direction to the wind, at a distance of 0.50 m of the vents located 
on the wall (P5). All internal points were located at a height equivalent to 0.80 m.  
Figures 5a and 5b show the air speed inside and outside Salvador and Rio de Janeiro 
hospitals, respectively, as a function of speed variation in the front. 
The same linear tendency is observed in the variation of speeds measured on six 
points, both in Salvador and Rio de Janeiro hospitals. The speed in the front was 
measured at P1. In points P2 (internal) and P6 (above the shed) it is observed that the 
speeds are higher than the speeds in the point P1. This shows that the air is accelerated 
due to narrowing in the front windows near the points, in the case of P2, and due to 
deviation of flow upward because of the presence of the sheds (P6).  
At the internal points P3 and P4, the speeds are lower than in the point P1. Although 
they are in the same longitudinal direction of point P2, the points P3 and P4 are in 
such a position where cross-sectional flow area has an expansion which causes this 
reduction in speed. The air jet speeds that come out of the vents located in the wall of 
the ward (P5) are lower than in the point P1. 



By comparing the graphs in figure 4, it can be seen that the data for points P2 and P6 
of Salvador and Rio de Janeiro hospitals are similar, while at the points P3, P4 and P5 
the speeds for the Rio de Janeiro hospitals are higher. 

 

  
(a) (b) 

Figure 5: Variation in wind speed, in the six internal and external points, in function of the 
speed in front of the hospital (V1); (a) Salvador hospital and (b) Rio de Janeiro hospital. 

The graphs in figure 6 show the ratio of the speeds at points P2, P3, P4, P5 and P6 
(V2, V3, V4, V5 and V6, respectively) and the speed to point P1 (V1) in function of 
V1. In general, the ratio values show a small decrease with an increase in frontal 
speed V1, due to the interference of the building in the airflow, which increases the 
turbulence and causes loss of energy. So the increase of speed on the front is not fully 
transformed into a speed gain inside and outside the building.  

 

  
(a) (b) 

Figure 6: Ratio between the speeds measured in internal and external points and the speeds in 
front of the hospital (V1), in terms of V1 (a) Salvador hospital, and (b) Rio de Janeiro 
hospital. 



Comparing the two hospitals, it can be seen that the ratios to speeds V2 and V6, in the 
points P2 and P6, respectively, show small differences. But analyzing the values for 
points P3, P4 and P5, it can be seen that the ratios for the Rio de Janeiro hospitals are 
significantly higher. 
The percentage differences (%) between the average ratios for the Salvador and Rio 
de Janeiro hospitals (Table 2) show that, except for the values at points P2 and P6, the 
speeds at the internal points are significantly higher in Rio de Janeiro hospital.   
 

Table 2: Difference (%) between the average ratios for the Salvador and Rio de Janeiro 
hospitals. 

 Average ratios in each point Average ratio to the hospital 
 V2/V1 V3/V1 V4/V1 V5/V1 V6/V1 (V/V1) Average 

Salvador 1.20 0.71 0.51 0.67 1.25 0.77 
Rio de Janeiro 1.15 0.78 0.81 0.86 1.19 0.90 
Difference (%) -3.9 9.7 61.0 28.3 -5.2 17% 

 
One explanation for this difference lies on the heights of the sheds and on the fact that 
the windows are larger in the Rio de Janeiro hospital, which provide a greater air flow 
and consequently the wind can reach higher speeds in the internal environment. 

 
 
4. Conclusions: 
The study of Salvador and Rio de Janeiro hospitals shows a constant preoccupation of 
the architect to improve the geometry of the sheds, seeking to improve the natural 
ventilation system. The results of the comparison of wards of the Salvador and Rio de 
Janeiro hospital show that the interior of the ward of the Rio de Janeiro hospital is 
17% better ventilated. The group of windows and sheds system, capturing the wind 
and allowing the air to the top of the internal environment of the Rio de Janeiro 
hospital, is more efficient in the process of natural ventilation than the windows and 
sheds system of the Salvador hospital.   
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