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ABSTRACT
Natural ventilation represents an important design 
strategy for school buildings in warm humid regions. 
It is an efficient way to improve students’ thermal 
comfort and productivity by natural means. Aiming 
to examine the influence of typical school buildings 
configuration on natural ventilation patterns, an
investigation was conducted varying two important 
parameters (courtyard width and presence of pilotis) 
under two wind directions (45° and 90° in relation to 
the east facade). Computer simulations using a CFD
software were used to examine airflow patterns, for 
different combinations of the above listed
parameters. Results showed that air speed values may 
have an increment up to 75% considering 90° wind 
incidence and up to 80% considering 45° wind
direction, for configuration with larger courtyard.
The use of pilotis produces an increment of
approximately 25% on air speed. Results show that 
buildings with courtyards, require adequate attention 
when designing for natural ventilation as they can 
produce undesirable effects, like still areas, air
currents and turbulent zones, depending on the
relation between the size of the courtyard and the 
buildings height. It also shows that the use of pilotis 
may constitute an interesting solution for school
buildings.

INTRODUCTION
The human shelter corresponds to the synthesis of 
various and different requirements. The influence of 
the climate parameters depends on culture, available 
technology and social restrictions. In the equatorial 
area, the climate may vary from hot dry or warm
humid.
Hot dry climates are characterized by great
temperature oscillations between day and night and 
low humidity levels. In this type of climates,
buildings should be designed to modulate the outdoor 
temperature swing. In this case, natural ventilation is 
only used to renew indoor air quality, and air changes 
rates should be reduced (Frota and Schifer, 1995).
In warm humid regions, temperature fluctuations
between day and night are small and relative
humidity is high. Different from the hot dry regions, 
natural ventilation is the most efficient way to obtain 
indoor thermal comfort. Building openings must be 
big enough to allow high ventilation rates.
At warm regions, natural ventilation can be used for 
two complementary purposes. The first of them is to 
cool building envelope, heated by solar radiation and 

internal heat gains. Higher ventilation rates can lower 
the indoor temperature down to outdoor levels. The 
second one, called physiological cooling effect,
corresponds to the sweat evaporation and convective 
heat loss, when the human body is immersed in the 
airflow. The physiological cooling effect is
particularly important in humid regions, where the 
sweat may be the main cause of discomfort.
Large part of the Brazilian territory is covered by 
warm humid regions. In these regions, natural
ventilation represents the most efficient way to obtain 
comfort without using electrical energy. Its
importance is emphasized in buildings where the
resources are limited, like most of Brazilian public 
schools. The energy efficiency also produces the 
decrease of public investments in production of
electrical energy.
The need for ventilation in buildings is strongly 
associated to the climate characteristic
(Koenigsberger et al., 1970). Air motion inside a
building is dependent on many features, such as 
building arrangement regarding other buildings and 
its own configuration. Many of  these features are 
manipulated by architects while designing (Boutet, 
1987).
This work intends to examine the influence of
courtyard configuration and the effect of pilotis, on 
ventilation patterns inside typical school buildings 
found in Maceió, Brazil (latitude 9°40S and
longitude 36°W). It intends to produce information to 
help architects using natural ventilation while
designing school buildings in warm humid areas.

METHODOLOGY
The investigation consisted of computer simulation 
using a CFD software, called PHOENICS – version 
3.2, developed to simplify the definition and analysis 
of problems that involve heat transfer and fluid
mechanics.
The type of equation formu lation (elliptic) and flow 
type (turbulent) were suggested by the software
manufacturers.
The solution for velocities and pressure were
activated but the solution for enthalpy and the
conjugate heat transfer were not, since they were out 
of the scope of this investigation. The air properties 
considered were 20�C at 1 atmosphere, and wind 
velocity at the open field was 3m/s, corresponding to 
the prevailing winds in the studied region.
The models considered the most common
configuration of Brazilian public schools, which
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frequently have a courtyard. Three different
courtyard width were considered – 6, 9 and 18 meters 
– which are related with the buildings height (as 2, 3 
and 6 times the building height, respectively). Like 
most of Brazilian public schools part of the models 
were ground floor. The other part considered the 
structure over pilotis to examine the effect of this 
new configuration on the airflow patterns. The stilts 
height considered was 3 meters, as the space below 
the buildings (protected from intense solar radiation, 
in summertime and from tropical rains, during
wintertime) could be used for recreation. A building 
porosity of 25% was considered for all models,
representing the typical condition. Each classroom
has 36m² area (6m x 6m) and 3m high. The openings 
turned to outside are centralized in each classroom 
and have 4.5m² area (4.5m wide x 1.0m high). The 
openings turned to the courtyard have 3m² area (6m 
wide x 0.5m high), cross all the room width and are 
located near the roof.

Figure 1. The six examined models.

The wind direction varied between 45° and 90° in 
relation to the classrooms located in the windward 
facades, corresponding to the prevailing directions of 
the region.
Three points were elected for comparison purpose. 
The first one, located in the center of room 3
(windward room), named point 1, figure 3; the
second in the center of the courtyard, named point 2, 
figure 3; and the last one in the center of the room 10 
(leeward room), named point 3, figure 3.

Figure 2: Section of the examined models.

Figure 3. Plan of the examined models, showing the 
comparison points.

RESULTS
The software output presents the airflow as vectors, 
indicating its intensity and direction. This represents 
a very useful data for building designers, as the
vectors allow the identification of air currents (with 
respective intensities) and still zones. The results are 
commented focusing on the applicability of the
obtained data to building design.

Figures 4 to 6 show the vertical section of models 1, 
2 and 3 simu lation results, considering 90° wind 
incidence.

The wind velocity values obtained at the three
comparison points of these cases are displayed at the 
table below:

Model 1
(6m)

Model 2
(9m)

Model 3
(18m)

Point 1 1,4 1,4 1,4
Point 2 0,4 0,4 0,7
Point 3 0,2 0,4 0,6

Table 1: Air speed values in m/s obtained at the three 
comparison points of models 1, 2 and 3 under 90° 
wind incidence.

The same value obtained at point 1 in the three
different cases occurred  because the situation of the 
windward room did not change. At the courtyard, the 
airflow had an increment of 75% when its width 
increased from 6m to 18m, which also incremented 
the wind velocity in the leeward room (point 3).

Figure 7 presents a vertical section on model 4, under 
90° wind direction.
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The table below shows the air speed values obtained 
at point 1, point 2 and point 3 of the three models 
with pilotis considering 90° wind incidence:

Model 4
(6m)

Model 5
(9m)

Model 6
(18m)

Point 1 1,4 1,4 1,4
Point 2 0,5 0,5 0,9
Point 3 0,4 0,6 0,8

Table 2: Air speed values in m/s obtained at the three 
comparison points of models 4, 5 and 6 under 90° 
wind incidence.

Point 1identifies the airflow in the windward room
and, for this reason, the wind velocity is the same in 
the three cases, as the airflow does not intercept any 
obstruction before reaching the building. At point 2, 
the wind velocity value was maintained the same, 
when the courtyard width was enlarged  from 6m to 
9m, and incremented in 80% when the distance
between buildings was triple. It produced an air
speed increment in the leeward room, which was up 
to 50%, comparing models 4 and 5, and up to 100%, 
comparing models 4 and 6.

The air speed values obtained at the three comparison 
points, in models 1, 2 and 3, considering 45° wind 
direction, are showed at the table below:

Model 1
(6m)

Model 2
(9m)

Model 3
(18m)

Point 1 0,6 0,6 0,6
Point 2 0,9 1,1 2,5
Point 3 0,3 0,3 1,0

Table 3: Air speed values in m/s obtained at the three 
comparison points of models 1, 2 and 3 under 45° 
wind incidence.

Values presented for point 1 are the same because 
this point is located in the windward room, where the 
considered parameters did not affect the airflow. At 
the courtyard, the increase from 6m to 9m in the 
distance between buildings produced an increment of 
approximately 22% at the wind velocity. When the 
courtyard width was 18m, the increment was near 
65%, comparing models 1 and 3. A significant
increment was produced in the leeward room airflow 
(point 3), which was more than twice bigger,
comparing mo dels 1 and 3.

Figures 8 and 9 display the plan of model 1
simulation results under the two wind incidences.

The table below presents the wind velocity values 
obtained at the points considered by comparison 
purpose in the models 4, 5 and 6, under 45° wind
incidence:

Model 4
(6m)

Model 5
(9m)

Model 6
(18m)

Point 1 0,6 0,6 0,6
Point 2 1,2 1,4 3,0
Point 3 0,3 0,3 1,2

Table 4: Air speed values in m/s obtained at the three 
comparison points of models 4, 5 and 6 under 45° 
wind incidence.

As it happened in the other cases, at point 1, the 
value is the same. The wind velocity values at
courtyard were incremented in approximately 17%, 
comparing models 4 and 5, and in more than 100% 
comparing models 4 and 6. At point 3, the airflow 
values did not increase from model 4 to model 5, but 
it was three times the values found in model 4 and 
model 6.

Comparing table 1 and table 2, the use of pilotis 
increased the air velocity at approximately 25% in 
the courtyard center. This represents an important 
information to local building designers as, besides 
improving ventilation, they can make use of space 
below the buildings to create a large shaded area to 
promote outside activities, like playgrounds, games, 
exhibitions, etc.
Results suggest that, among the studied parameters,
the courtyard width is the one that most affect the 
airflow at point 2. The increment in wind velocity in 
the courtyard (point 2) produced, as a consequence, 
higher ventilation rates in the leeward classroom
(point 3).
When wind direction was 90°, better results were 
obtained in the center of windward classroom.
However, large part of the airflow was deviated
upward, producing unsatisfactory ventilation patterns 
in the courtyard as well as inside the leeward
building. This was particularly significant for was 6m 
courtyard.
Comparing 90°and 45°wind directions, there was a 
reduction of air speed values obtained in windward 
room. It was consequence of the point chosen for the 
comparison (point 1). Actually, considering the
average wind velocity values, an increase of
ventilation is observed in the windward room when 
the wind direction changes from 90° to 45°. At the 
region situated just behind the first building, some 
still areas were created, producing insufficient
ventilation patterns at point 2.
At the courtyard, best results were obtained under 
45°wind incidence, when the distance between the 
buildings was the largest one. It happened so because 
the wind flow gets into the courtyard through its open 
side, without having to pass over the structure located 
windward, creating high speed air currents.
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CONCLUSIONS
The waste reduction and the use of renewable
resources in the built environment have been the 

basis of the new paradigm for a sustainable
development. The use of natural ventilation has

shown to be one of the most important building 
design strategies in warm humid areas. It may avoid 
the use of air conditioning, increasing the energy 
efficiency while reducing building maintenance and 
operating costs. Large part of warm humid areas is 
located in the equatorial belt, belonging to
developing countries, which impede large
investments in sophisticated devices to accurately 
evaluate natural ventilation in buildings. The
lowering costs of CFD programs may offer a
significant mean for local architects to produce more 
adequate buildings, regarding natural ventilation. 
Though one may find a certain degree of inaccuracy 
in the software results, the qualitative information 
depicted from the output is already of great
importance for architects, since they are aware of this 
limitation. It allows easy manipulation of the
parameters and clear analysis of the airflow at the 
studied models.
Considering the examined buildings with courtyards, 
one may also identify regions with undesirable

effects, like still areas, air currents and turbulent 
zones, depending on the relation between the width 
of the courtyard and the buildings height. 
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Figure 4: Vertical section through classrooms 3 and 10 (Fig. 2), considering a 6m wide courtyard and no pilotis 
(model 1 – Fig. 1). (zoom)
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Figure 5: Vertical section through classrooms 3 and 10 (Fig. 2), considering a 9m wide courtyard and no pilotis 
(model 2 – Fig. 1). (zoom)

Figure 6: Vertical section through classrooms 3 and 10 (Fig. 2), considering a 18m wide courtyard and no pilotis
(model 3 – Fig. 1). (zoom)
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Figure 7: Vertical section through classrooms 3 and 10 (Fig. 2), considering a 6m wide courtyard and presence 
of pilotis (model 4 – Fig. 1). (zoom)

Figure 8: Plan showing the airflow configuration, under 90º wind incidence, considering a 6m wide courtyard 
and no pilotis (model 1 – Fig. 1). (zoom)
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Figure 9: Plan showing the airflow configuration, under 45º wind incidence, considering a 6m wide courtyard 
and no pilotis (model 1 – Fig. 1). (zoom)
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