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Abstract:

Natural ventilation of buildings is a design stggtdor passive cooling of buildings
that can be considerably efficient if design parmseare correctly established. In
Brazil, the Sarah Network of Rehabilitation Hoslsitarojected by the architect Jo&o
Filgueiras Lima has sheds as landmark architectleshent in all hospitals. Besides
being and architectural characteristic, they prammtural lighting and ventilation.
Thus, this paper aims to analyze the sheds of twapital buildings, located in the
cities Salvador and Rio de Janeiro, with the pugpog highlighting if and how
occurring architecturally changes influence in obtegy more efficient natural
ventilation. The analysis is done through the amsion of physical models to be
tested in a boundary layer wind tunnel. The testkide measurements of wind speed
in several points outside and inside the buildingsng hot-wire anemometer. The
results show that the ward of the Rio de Janeirepital is significantly best
ventilated, due to their windows and sheds system.
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1. Introduction:

Natural ventilation in the tropics is an efficies#sign strategy for achieving thermal
comfort and reducing energy consumption. The useat@iral resources and the
characteristics of the climate improve the intagratof the building with the
surroundings and by providing comfort through passconditioning systems.
According to Jones (2001) one of the main benadftsnatural ventilation is the
reduction of energy consumption, because it minasizhe use of mechanic
ventilation systems and air conditioning. Besidkat,t the importance of natural
ventilation is also for the health of environmeatsl their occupants, since it allows
renovation of indoor air in a room.

In Brazil, the architect Jodo Filgueiras Lima, L&éknown for using strategies of
natural lighting and ventilation in his designs.eThighlight of his architecture
production is the Sarah Kubitschek Network of Rditabon Hospitals, considered
real examples of bioclimatic architecture, duehgirt passive solutions for comfort.
The Sarah Network is constituted of ten hospit@lse first was built in 1980, in
Brasilia. In the following years hospitals werelbin the cities of S&o Luis, Salvador,
Belo Horizonte, Fortaleza, Rio de Janeiro (ChiltheDenter), Brasilia (North Lake),
Macapa, Belém, and again in Rio de Janeiro, whigned in 2009.



Natural ventilation is one of the main aspectshefrtdesign. In Brazil, a country with
large extensions of tropical climate, and becausstmof these network hospitals are
located in hot and humid regions, the use of nhtueatilation as a strategy for
achieving thermal comfort is essential. In thesgoms the natural ventilation is the
simplest strategy to promote thermal comfort whenihternal temperature is high.

It is important to highlight that as the Sarah Natkvis constituted of rehabilitation
hospitals, designed for the treatment of patienitth wWinesses of the locomotor
system, the use of natural ventilation is extrenialyorable. In these hospitals there
are no patients with infectious illnesses, themefovith no impact in infection
propagation. The specialization of these hospja¢vents the natural ventilation to
carry bacteria to the hospital environment.

Although the extensive use of natural ventilatiorgst Sarah Network Hospitals are
air conditioned in environments that require riggg@ontrol of temperature, humidity
and pressure, such as: surgical rooms and radioldgy is to maintain the asepsis of
the rooms and the functioning of equipment. Inniegre flexible environments, such
as ward and the rehabilitation areas, cross véiotilas used through vertical fluxes.
The air enters through the underground maintenameeels, goes to the internal
environments and then is extracted by the shedawsd

The sheds are architectural elements with stroegegprce in all buildings of Sarah
Network. The main function of these elements igptomote natural lighting and
ventilation. They facilitate the extraction of hat, because their windows are located
on the roof. Over 30 years of Sarah Network, thephals have changed a lot, as well
as the geometry of the sheds. Seeking to improzestiiciency of the elements, the
architect modifies these solutions in each neweuitoj

The effects of natural ventilation can be studiesbiigh computer simulation using
CFD or through wind tunnel studies. It is impottam quantify variables such as
speed, pressure, temperature and pressure coefffioistudy the effects of the wind
in a building. Through tests in the wind tunnel ismconditions to what occurs in the
atmospheric environment can be reproduced. Itssipte to study the behavior of the
wind in the urban scale and in the building.

Thus, this paper aims to analyze the efficiencthefgeometry of the Sarah Hospital’s
sheds located in the cities of Salvador and Ridateiro (figures 1a and 1b) through
tests in the wind tunnel, with the purpose of hgjing if and how occurring
architectural changes influence in obtaining mdfieient natural ventilation.
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Figure 1: Salvador and Rio de Janeiro Hospitals, respegtiyActors Collection, 2008)



It is worth noting that strategies of natural vititon are not used in most commercial
buildings in Brazil, and particularly in hospitabildings. Due to hot and humid

climate in various regions of the country, the ggezonsumption for air conditioning

is excessive. Particularly in the cities of Salvadgmd Rio de Janeiro, passive
strategies should be present to achieve a comferétyironment. In this context lies
the importance of research about natural ventitaiio hot and humid climate.

Besides, this performance analysis of differentesypof sheds allows design
recommendations with good use of natural ventitatio

2. Methodology:

The efficiency of the geometry of the sheds witbpeet to natural ventilation was
analyzed through the construction of models ant$ tesboundaryayer wind tunnel
(COOK, 1973; BLESSMANN, 1982; COUNIHAN, 1969). Thikmensions of the
wind tunnel test section are 0.90m width and 0.8@ight, with a total cross-section
area of 0.72rh Module models relative to the wards of this haspivere built,
because they are places with a stay of patientscandidering the incidence of
dominant winds. The scales used for the constmafghysical models were defined
according to the dimensions required by the tesiaeof the tunnel. The table below
presents the data relative to each reduced physicdél.

Table 1: Data for each reduced physical model

Salvador Hospital Rio de Janeiro Hospital
Scale 1:40 1.55
Frontal area 0.048nt 0.050 ni

To measure the internal speed of the models imwthé tunnel, four miniature sensors
of hot wire anemometer (Multichannel, Dantec) (OWa&iRl PANKHURST, 1977)
were installed inside the models, through holegshenbottom of the models. Three
sensors were located in central points and a seresar the air vents in the walls,
according to figures 2a and 2b, and 3a and 3binédrnal sensors were placed at a
0.80m height from the floor, that is, the heighttb&é patient’s body lying on a
stretcher.

Two sensors were installed outside the model. Tasue the external wind speed
before reaching the physical model, a sensor wagdd in front of the model. Thus it
was possible to achieve the value of the undistuftwev. Finally, to know the value
of wind speed near the sheds, a sensor was insttlihe top of the external model,
near these elements, according to figure 4a af@#RS COLLECTION, 2008).
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Figure 2: Location of measuring points in the Salvador Htadpi values in meters. Source:
(CTRS Collection, 2008).
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Figure 3: Location of measuring points in the Rio de Jankliospital- values in meters.
Source: (CTRS Collection, 2008).




Figures 4a and 4b:Hospitals of Salvador and Rio de Janeiro instruegtrespectively.

The results for each hospital are presented agdantd graphs and compared to
verify how the geometry of the sheds influenceslkdeor natural ventilation.

3. Results:

The main difference between Salvador and Rio deidahospitals is the geometry of
the sheds and natural ventilation system. In tis¢ fiase, the sheds favor the suction
effect of the air, because they are oriented inajygosite direction of the dominant
winds. In Rio de Janeiro hospitals, the shedsratled same direction of the dominant
winds which allows catching the winds. In relattorroofing systems, in the Salvador
hospitals, the sheds are bounded in each enviranmh ceiling height varying
from three meters in the lower level and 4.50m e tupper level. These
characteristics make them less flexible to adamtatito maintenance and to natural
ventilation system. On the other hand, the roofiggfem in Rio de Janeiro hospital is
completely independent of the internal spaces, wiéhable ceiling height always
greater than eight meters; the natural ventilationthis hospital is therefore better
explored.

In tests of module models of the Salvador and Ridaheiro hospitals, the air speed
was measured in six points shown in Figures 2 ach3xternal point was located at
a distance equivalent to 8 m from the front of flospital, at a height of 6 m above
the ground (P1) and the other point, to 1 m abbeeshed (P6). Among the internal
points, three points were located on the centertihéhe ward in the longitudinal
direction to the incident wind in the building (F23 and P4). The other was located
in the perpendicular direction to the wind, at staince of 0.50 m of the vents located
on the wall (P5). All internal points were locateca height equivalent to 0.80 m.
Figures 5a and 5b show the air speed inside arsildeuSalvador and Rio de Janeiro
hospitals, respectively, as a function of speedatian in the front.

The same linear tendency is observed in the vanabtf speeds measured on six
points, both in Salvador and Rio de Janeiro holspitBhe speed in the front was
measured at P1. In points P2 (internal) and P6vialbte shed) it is observed that the
speeds are higher than the speeds in the poiftHsL.shows that the air is accelerated
due to narrowing in the front windows near the pgimn the case of P2, and due to
deviation of flow upward because of the presenab@kheds (P6).

At the internal points P3 and P4, the speeds averlthan in the point P1. Although
they are in the same longitudinal direction of pd?2, the points P3 and P4 are in
such a positiorwhere cross-sectional flow area has an expansioohwdauses this
reduction in speed. The air jet speeds that comefdahe 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 sbanthe data for points P2 and P6
of Salvador and Rio de Janeiro hospitals are similhile at the points P3, P4 and P5
the speeds for the Rio de Janeiro hospitals areshig
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Figure 5: Variation in wind speed, in the six internal andeenal points, in function of the
speed in front of the hospital (V1); (a) Salvadosgital and (b) Rio de Janeiro hospital.
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The graphs in figure 6 show the ratio of the spesdsoints P2, P3, P4, P5 and P6
(V2, V3, V4, V5 and V6, respectively) and the spéegboint P1 (V1) in function of
V1. In general, the ratio values show a small desgewith an increase in frontal
speed V1, due to the interference of the buildmghie airflow, which increases the
turbulence and causes loss of energy. So the seE@aspeed on the front is not fully
transformed into a speed gain inside and outsigdtilding.
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Figure 6: Ratio between the speeds measured in internad@ednal points and the speeds in
front of the hospital (V1), in terms of V1 (a) Saflor hospital, and (b) Rio de Janeiro
hospital.



Comparing the two hospitals, it can be seen thatdtios to speeds V2 and V6, in the
points P2 and P6, respectively, show small diffeesn But analyzing the values for
points P3, P4 and P5, it can be seen that thesritiche Rio de Janeiro hospitals are
significantly higher.

The percentage differences (%) between the aveetgs for the Salvador and Rio
de Janeiro hospitals (Table 2) show that, excephivalues at points P2 and P6, the
speeds at the internal points are significantlyhérgn Rio de Janeiro hospital.

Table 2: Difference (%) between the average ratios forShlwador and Rio de Janeiro

hospitals.
Average ratios in each point Average ratio to théospital
V2/V1  V3/V1 V4/NV1 V5N1  V6/V1 (VIV1) 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 theggh&s of the sheds and on the fact that
the windows are larger in the Rio de Janeiro hagpithich provide a greater air flow
and consequently the wind can reach higher speettig iinternal environment.

4. Conclusions:

The study of Salvador and Rio de Janeiro hospstadsvs a constant preoccupation of
the architect to improve the geometry of the shedgking to improve the natural
ventilation systemThe results of the comparison of wards of the Skvand Rio de
Janeiro hospital show that the interior of the wafdhe Rio de Janeiro hospital is
17% better ventilated. The group of windows anddsh&ystem, capturing the wind
and allowing the air to the top of the internal ieomwment of the Rio de Janeiro
hospital, is more efficient in the process of natwentilation than the windows and
sheds system of the Salvador hospital.
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