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Abstract. Urbanization can deeply compromise the city’s atmosphere through the modifica-
tion of the environmental parameters such as air temperature and wind patterns. Therefore,
great emphasis should be placed on heat generation and changes on natural ventilation con-
ditions that directly lead to thermal discomfort, compromising building’s energetic perfor-
mance. Specifically in cities with hot, humid climate, the case of Fortaleza, Ceara, Brazil (lat-
itude 3° 43’ S), natural ventilation is the main passive strategy to obtain thermal comfort.
Understanding the physical phenomenon and the aspects that influence natural ventilation
process becomes crucial to objectively use the wind potential for naturally cooling of build-
ings. . However, it is becoming a major problem to naturally ventilate the building’s facades
in dense urban centers, compromising the wind access to habitations. The airflow around
buildings creates a pressure distribution over buildings facades, which it is an essential as-
pect to natural ventilation process. By creating high and low pressure zones over different
parts of the building, the wind induces the air movement inside the building and once the
city’s spatial organization directly influences building’s natural ventilation through the modi-
fication of pressure coefficients (Cp) over its surfaces. Once computational fluid mechanics is
a valuable tool to analyze the wind behavior within urban areas it is widely used in research-
es to determine air movement characteristics of a given area or inside the buildings this tool
is applied in this research, which evaluates different urban densification scenarios to deter-
mine the constructive limits that result in better or worse conditions to the air movement in
high-rise apartments. The investigation is largely based on a computational Fluid Dynamics
(CFD) tool to analyze the airflow around buildings and calculate the pressure coefficient and
velocity field that are applied in the airflow predictions inside the apartments. The objective
is to adopt a set of urban and architectural solutions in order to dissipate the heat and im-
prove indoor thermal conditions using natural ventilation, reducing the need for artificial
conditioning.

Keywords: Natural ventilation, Urban densification, Pressure coefficient, Computational
fluid mechanics, Thermal comfort.



1. INTRODUCTION

The city’'s atmosphere can be deeply compromisedhigy urbanization process.
Through the modification of the environmental pagéens such as air temperature by the al-
teration of the heat balance within the city, sogffects such as the urban heat island and
thermal inversion are generated. Also the air pioliy changes in the wind pattern and pre-
cipitation are more severe in dense urban settlenéiimate change caused by the city is
documented in its regional and local repercusdibnrsd]. Among these effects, the excessive
heat generation and changes in natural ventilaterhighlighted because they lead to thermal
discomfort and compromise the energetic performan&aildings.

Advances on research about the aspects involvéaeirtity’s dynamic development
and its relation to climate are fundamental to caehpnd the thermal response of the built
environment, contributing to local urban planninggess, as attested by several studies [5 -
7].

Currently, energy consumption of buildings is ie ttenter of the discussion about en-
vironmental preservation and sustainable developnt@mldings are major consumers of
natural resources and energy, using between 30%@tdof global primary energy. It corre-
sponds to 40% in the United States and Europeanties, reaching 50% in the UK. Regard-
ing CO, emissions, building sector accounts for approxatyad5% of total anthropogenic
releases into the atmosphere [8].

Despite the lack of a consensus about the susthip&ibncept, it is possible to identi-
fy some necessary steps to achieve certain levalewelopment in balance with the envi-
ronment. Some of these steps involve changes imggm®nsumption patterns, updating ur-
ban legislation, some factual improvement in thesteaand water treatment and in energy
generation among other issues.

Energy consumption has increased worldwide duéh¢olifestyle and population’s
current demands. According to statistical analyis, upward trend in energy consumption
will continue [9]. It should be noted, however, ttlize rate of energy consumption in less de-
veloped countries (Southeast Asia, Middle East tiS@unerica and Africa) will grow at an
annual rate of 3.2%, surpassing in 2020 the endsgyand of more developed countries
(North America, Europe, Japan, Australia and Newal&ied).

As pointed out in recent researches, energy consompy heating, ventilation and
air conditioning (HVAC),previously seen as luxuries, have now become almsstntial
once thermal comfort in buildings evolved since émergy efficient approach. However, it
still corresponds to the largest end-use energlyarresidential sector [10].

Therefore within the buildings the use of natuesaurces for passive cooling is em-
phasized in order to reduce the energy consumphitso, developing energy efficient build-
ings in their contexts is fundamentally necessawards a more sustainable environment.

Natural ventilation, where is possible its appii@at provides fresh air to building’s
occupants, contributing to healthiness once it playcrucial role in oxygen supplying and
diluting carbon dioxide. Also, it reinforces theotiog sensation through the acceleration of
thermal exchanges between the individual and it®8uodings [11; 12].

More specifically, in hot and humid climate regipndere there is a little variation in



air temperature during the day and high levels whidity, controlling solar radiation and
increasing the air movement within the urban falnd inside the buildings becomes funda-
mentally necessary in order to avoid thermal didoonsensation.

However, the appropriate application of the windeptial for passive cooling of
buildings requires understanding the aspects opltysical phenomenon and the factors that
influence the natural ventilation process. It inlga variable factors such as local wind char-
acteristics, the forms of the surrounding built iemvment and also internal factors such as
openings sizes, locations and characteristicsstinatturally affect natural ventilation perfor-
mance of buildings.

From a practical view, as the wind flows and pagkesugh a building it creates a
pressure field over its facades. This pressureildigion is an essential part of the natural
ventilation process once it creates zones of highlaw pressures on different sides of the
building. The differences between high pressurelawdpressure zones induce the air move-
ment inside it. Therefore, this flow is essentialpendent on the pressure coefficient on the
building’s facades.

Pressure coefficient (Cp) is an empirical and disn@mless parameter that characteriz-
es the airflow. It represents the pressure chamgiksed by air movement and which are
caused by the influence of the surroundings charatts on local wind behavior [13; 14].
Consequently, Cp values are modified according¢alltopography and terrain roughness.

Commonly, Cp values are obtained through algoritbased on wind tunnel tests us-
ing low porosity or solid models. However, obtami@p data according to this method is not
always possible, due to high cost of these experisneequipment and expertise involved
[15].

When determining pressure coefficient values thinaihg wind tunnel technique is not
achievable, it is possible to define it using comapional fluid dynamics programs, widely
known as cfd tools [16]. Also, with appropriate ddions and mesh parameterization, the
adoption of an appropriate turbulence model andsyiséematization of the steps of the simu-
lation, it is possible to determine reliable valoé€p for thermal comfort studies [15].

Applying a cfd tool to simulate the wind pattern®yed to be a useful and accurate
way to analyze the climate suitability for builtveimnments in several studies. The method
was tested in the assessment of natural ventilaboditions in various works [15 — 22] iden-
tifying the influence of different urban forms dretairflow in the built environment.

Although natural ventilation within the urban spdtas been studied in several re-
searches the interference of the urban form owdwanair movement remains largely unex-
plored [22]. Once the obstacles in the neighborhsigdificantly affect Cp values and also
considering that the study about urban densificatiod environmental conditions still need
some answers, it becomes crucial to understantiniite and possibilities of the city growth
in its relation to the need of natural ventilatioside the buildings.

The choice for the city of Fortaleza, in the noasteof Brazil, is due to the fact that
the city’s current configuration has several envinental problems as results of changes in
its natural components, compromising the inhabisalife quality. The recent and rapid urban
growth is mainly characterized by a disregardirgwof environmental issues that should be
involved in the city development.



This paper presents the first steps and methodstedito carry out this research about
urban densification and its effects on indoor redtuentilation assessment. Also, the prelimi-
nary results of pressure coefficient on the fagaitne model buildingn 08 different urban
density scenarios.

1.1 Research objective

The major objective of this research is to evallee different urban built density ar-
rangements affect indoor natural ventilation cdodg through the modification of pressure
coefficient on residential building’s facades.

This study analyzes some examples of urban denmitphologies, presented here as
the first virtual tridimensional models used insthésearch, in its relation to the modification
of the wind pressure field around a high-rise resiwl building used as a model. The modifi-
cation of the pressure field over its fagcades mighhpromise the performance of natural
ventilation inside the apartments, leading to trerdiscomfort and increasing energy con-
sumption by the use of mechanical means of cooling.

2. RESEARCH METHODS

Initially, a comprehensive study about the natueadtilation phenomenon and the lim-
its of its application for thermal comfort for bdihg’'s occupants in hot and humid climate
has been performed. In addition, a detailed re\adaut adaptive comfort indexes and its
application for naturally ventilated buildings icdied the application of the model used in
ASHRAE 55 as evaluation criteria for this reseamétermining the critical conditions and
limits to thermal stress inside the apartments.

ASHRAE 55 standard proposed an adaptive model basélde research of [23] and a
specific method for using it in naturally ventildtbuildings situated in regions with average
monthly temperatures between 10 °C and 33.5 °C.rié#od, which considers the absence
of artificial air conditioning system and physicadtivity with low metabolic rates (between
1.0 met and 1.3 met), is applicable to environmenishich the building occupant can con-
trol spatial options in order to adapt himselfhe tlimatic variations (e.g. opening windows
and changing clothes).

In sequence, an extensive analysis of the dataiih iegime over the city of Fortale-
za was perform to determine the main directionsiaridl velocity that should be adopted in
computer simulations.

2.1. Local wind patterns

For a proper use of natural ventilation as a gjsater passive cooling of buildings,
the frequency and intensity of the local wind sklolé consider, analyzing low wind speed
periods. The existence of such periods, espedrallyarmer seasons and during daytime, pre-
vents the adoption of this strategy [24].



However, the analysis ansystematization of wind datperiod between 2002 ai
2009 forthe city of Fortalez indicates a high potential for applying natural tation as &
thermal comfort strategy dtto its relatively constanfrequency and intensity as shown
wind-rose plotted (figure 1[0].

swoC

Figure 1. Wind-rose plottefdbr the city of Fortalezafter analyzing the pericbetween 2002
and 2011.

In addition, higher air velocities are more frequeuaring the afternool. During this
period air temperaturezaches higher valu and, consequently, higher ventilation rates
more necesary to reach thermal comfort z«. However, analyzing this specific relation
results show that when air temperatures arher, air velocity reach values up to 4 m/s
shown by figure 2 [20].
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Figure 2. Typical wind dafor the city of Fortalezindicating the increasing in air speec
the temperatures rises and the little variatiothefwind angles betwe®0 and 130 degret



As indicated by the wind patterns characterizatamy two predominant wind direc-
tions were determined: east and southeast directildrerefore, a set of two different domains
should be prepared in order to perform simulatioingast wind (90°) with an initial velocity
of 4,54 m/s, and simulate the southeast wind (184%) 5,11 m/s for initial speed (figure 3).

Domain’s dimensions must be at least five timeshisight of the largest element sim-
ulated at the windward and its sides, six timesnfithe ground to the top of it and fifteen
times from the border of the elements simulatethéodomain’s end at the downwind area.
The insertion of the model building with 24 flogqf&2 m) resulted in a rectangular domain
with dimensions 1768 m x 1048 m x 432 m for botst @d southeast models.
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Figure 3. Both domains prepared to simulate eastn@ southeast (b) wind directions.

2.2. Urban density scenarios

Based upon the urban legislation for the city oft&eza, different urban density sce-
narios were modeled using a CAD tool. They expoeban density as population to land area
(inhabitants per hectare) and, at the present sifatlés research, only represent low to medi-
um densities, varying in a range from 80 to 640ptedbectare were modeled.

At the center of each scenario, four high-buildingdels (72 m height) were arranged.
Around this block, 8 blocks of 100 m x 100 m eadrevarranged. Each block was then di-
vided into 20 lots of 50 m deep and 5 meters fthat were occupied in accordance with ac-
tual urban legislation standards. The maximum oaoap rate was applied to model the
buildings within these blocks in order to achielie greatest construction potential allowed
by urban legislation.

Modeling different scenarios in order to represesnrious urban density values also
shows a wide range of possibilities regarding wpsimeability. More compact and lower
buildings contrast with higher forms with spacesaaen buildings. This analysis will evalu-
ate some of the urban characteristics that affattral ventilation potential inside dwellings.

In the simulations of each urban scenario onlyahst and southeast wind directions
will be applied as initial and boundary conditiangsthe cfd tool. This choice is due to wind
data analysis previously performed.
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Scenario 001

160 HAB/ HC

Scenario 003

160 HAB/HC

80 HAB/ HC

Scenario 005

320 HAB/HC

40 HAB/ HC

Scenario 007

640 HAB/HC

480 HAB/ HC

Figure 4. Eight different urban density scenariosutated to calculate pressure coefficients

on the model building’s facades.



However, due to computational capacity resourceslable, the study of natural
ventilation patterns through openings will includidows only in previosly selected heights,
simulating the airflow inside the apartment in thelding’s basis and in the higher floor of
the model building in three rooms per floor, asvemdy figure 5. Such simplification is
necessary in order to generate appropriate mesrdieg to its quality and computational
size. Therefore, the option for limiting the amowhtopenings to be analyzed in the airflow
rate and pressure field according to each scenegdited becomes crucial for simulation time
and result’s reliability.

Figure 5. Six openings located at the basis anatdipe model building’s windward facade.

2.3. The cfd tool used in the research

For the study of natural ventilation in the urbavieonment and its effects on indoor
air movement ANSYS-CFX software [25] will be usddhere is a wide range of CFD appli-
cations available. However, the choice of usingANSYS CFX is due to the software’s li-
cense availability at the Laboratory of EnvironnanComfort and Energy Efficiency
(LABAUT). Also, the accumulated experience in usthg application in previous researches
also contributed to the choice of this particulabftware.

The CFX is an example of cfd produced by the ANSX8npany that allows the sim-
ulation of any situation involving fluid mechanigs any scale and boundary conditions, as
long as the computational capacity is provided.

The software consists of 4 modules. In the pregssing level the geometry is pre-
pared in CAD ambient by determining the area ofrttualel to be adapted in ANSYS ICEM
CFD for the development and parameterization ofrttesh, defining the points where the
equations should be calculated. For the model oactgin, the buildings are simplified,
which reduces considerably the processing time camdputational capacity for calculating
the simulation. Then, the definition of the systsimulation, equations to be calculated, the
initial and boundary conditions and the turbulenc®lel are adopted in CFX-Pre.



The simulation is then calculated in the CFX-Soleagrd the results are viewed
through three-dimensional images and graphics iX-6st, inserting points, lines and
planes in various locations, allowing the visudlia of the airflow in different parts of the
model through velocity contours, vectors or streaed.

For the study of natural ventilation patterns tlgiowpenings the applied mesh in each
scenario will include windows only in previosly seted heights, simulating the airflow
inside the apartment in the building’s basis, @aniiddle and on the top of the main building,
as shown by figure 5. Such simplification is neeegdue to the computational capacity
availability, limitating the amount of openingslie analyzed in the airflow rate and pressure
field according to each scenario created.

Some steps must be performed in order to makenidations more efficient. Firstly,

a few parametrical tests were accomplished to bd#scribe and test different turbulence
models provided by the simulation program appliedhis research and then compare with
others present in literature. Secondly, increap@gmeters such as initial velocity input and
surface roughness were evaluated in different sitiaus.

2.4. Testing different turbulence models

Turbulence is a highly complex physical phenometta significantly influences the
behavior of fluids in flow [26].

CFD programs have several options for modelinguheulence effect. However, they
add little or no information about the advantaged disadvantages of each option available
[15].

ANSYS CFX help guide has some information abouilalke turbulence models. It
explains that turbulence models with two equatiares widely used due to its good relation
between the computationL time and capacity andtfesaccuracy.

The K -&£ model is a turbulence model in which two transgopaations are calculated
to determine the value of turbulent kinetic ene yy defined as the change of speed
fluctuations and its dissipation rate).( The standard model K & is quite common in
researches related to fluid dynamics, despite ambsam computing power and the increased
use of other turbulence models, such as Large Eddylation (LES). Also, the advantages
of this model with emphasizes the relationship leetwresult’s quality and little processing
capacity required [15; 27].

RNG K -¢ model differs from the standard model once it adbers the effects in small
scales. Although the ANSYS CFX tutorial indicatésitt commonly, this model shows a
small improvement over the Ke-standard model, the RNG Ke-model had convergence
problems, not reaching reliable results once iteendfter 200 interactions (3 hours of
computational processing) with residuals highemtiiax 10°. Eddy Viscosity Transport
Equation model reached the convergence criterigetdresiduals less than 1 x)Gafter 89
interactions (1 hour and 9 minutes).

SSG Reynolds Stress model has six additional taahspguations which are solved for
each iteration. The terms present in the Reyndlgssequations are also more complex than



in K —e model. As a result of these factors, the convergenay be slower. Two attempts to
simulate using this turbulence model returned aor efter 143 interactions.

The shear-stress transport model was developedlar to effectively blend the robust
and accurate formulation of the model ko -in the region close to the wall. The simulation
using the Shear Stress Transport turbulence medehed the target criteria after 1,5 hour of
calculations, surpassing 100 interactions and hehayuite balanced, performing quick
calculations in comparison with other models.

Comparing the results in relation to processingetirthe K -¢ standard model
achieved better results and once little informatisnavailable about the eddy viscosity
turbulence model, the Ke standard model is applied to the simulations ia thsearch. In
addition, the use of more sophisticated models whdse quality is recognized in the
literature as the "Detached eddy simulation” (DBS)Large eddy simulation” (LES) is not
yet a reality for the determination of pressureffodent in everyday situations due to the
high processing capabilities and storage required.
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Figure 6. Processing time for each turbulence mtecéd.

2.5. Varying initial conditions: velocity and roughness level

A set of parametrical tests involving initial veliycand the roughness height were
performed using scenario 001 in order to evalubte ihfluence of such parameters on
pressure coefficient values over main buildingGatte.

Initially, four different roughness height valuga(q01 m, 0.01 m, 0.1 m and 0.3 m)
were defined using logarithmic profiles to test thibuence of this parameter. As the initial
air velocity was defined, simulations were perfodne order to assess the impact of the floor
roughness height over pressure coefficients fostemario 001.

The pressure coefficients on the windward facadth@fmodel building decreases as
the roughness level applied to the model flooreases. One can observe through figure 7
that the area in which Cp reaches maximum valugsfgiantly decreases as the roughness



level ranges from 0,001 m (figure 7a), a commormuedbr off-sea wind or coastal areas, to
0,3 m (figure 7d), roughness height applied to aweith a few buildings or some trees.

In simulations which the lowest roughness valué(0) was inputed, the red zone (Cp
over 0.7) covers more than half of that buildinffigade. The size of this zone significantly
decreases as the value of the roughness reachess\@mparable to outskirts of towns and
starts to encompass less than one third of the Infadleling’s windward facade area. Also,
cp values close to building’s basis suffer sigaiftcchanges decreasing from 0.5 to 0.27 as
the surface roughness reaches higher values. Tde#tse confirm the importance of the
model’s floor roughness level applied for simulasi@ver pressure coefficient calculation.

Figure 7. Results for pressure coefficients overrttodel building’s facade after applying
roughness levels of 0,001 (figure 7a); 0,01 (figtbg 0,1 (figure 7c); 0,3 (figure 7d).

More specifically, the reduction in minimal presswoefficient values becomes quite
evident as the floor roughness level inreases.elation to the maximum values threre a
reduction is also verified but it is less signifit@ompared to the minimum values reached, as

show by figure 7.
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Figure 7. Results for pressure coefficients overrttodel building’s facade after applying
roughness levels of 0,001 (figure 7a); 0,01 (figtibg 0,1 (figure 7c); 0,3 (figure 7d).

Once Cp is influenced by the floor roughness, i wacided to analyze the effect of
the initial velocity on pressure coefficients vaum/er the model building’s fagade.

Thus, an initial speed of 4,54 m/s was inputedtfar first simulation. Then it was
increased by 50%, doubling and quadrupling it it flle other simulations. As one can
observe in figure 8, the red area maintains itsedsions, indicating little variation in as the
initial speed increases from one test to anothdéso Ahe basis an areas of low pressure
coefficients suffer little changes in values reathe

All simulations to evaluate the influence of initieelocity on the pressure coefficients
were similar, reaching residuals target after 9%eractions (less than one hour of
calculations).
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Figure 8. Results for pressure coefficients oventindward facade varying the initial veloci-
ty input from 4.54 m/s (a) 6.81 m/s (b) 9.08 m/saed 13.62 m/s (d).
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Unlike the effect of different roughness floor l&yehe results for different initial
velocity inputs indicate discrete changes even waitlincrease of 200% on the initial velocity
input.
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Figure 9. Results for pressure coefficients overntimdward fagade varying the initial veloci-
ty input from 4.54 m/s (a) 6.81 m/s (b) 9.08 m/sajed 13.62 m/s (d).

3. PRELIMINARY PRESSURE COEFFICIENTS RESULTS

In this section, preliminary results for pressuoefticient over the model building’s
facade are presented.

For east wind (90°), increasing the space betwesidibgs in scenarios 003 to 008
raised pressure coefficients at the bottom andhattop of the building in almost every
scenario. On the other hand, pressure coefficammbdilding basis at rooms 1 and 2 is higher.
This is due to elevation of the wind gradient as thsult of lower buildings (3 m and 6 m
height) close to the windward facade of the modelding. Usually, pressure coefficient
values calculate for rooms in floor 24 are higloergde wind pressure and speed increase with
height, these points higher values are in accoelemthe wind gradient characteristics.

Room 3 window is positioned close to the model dod’s corner. This specific
position profoundly change pressure coefficientses As one can observe, even though this
window is positioned on the windward fagade thewaled values indicate them as negative,
such characteristic is common to pressure coefisi@ver leeward facades. Therefore, a
review is necessary in order to present reliableegafor this specific position.

Higher Cp values were registered for southeast laions. The model building
position in relation to the wind direction (a 45gdees angle) determined a higher pressure
field in the corner region of the model buildingowkver, in other areas Cp values were
lower in comparision to the east wind direction giations. Most of all, the inclined position
of buildings is responsible for increasing the pues field values in the corner of the
building. However, the flow separation due to tloeners decreases the Cp values in other



areas as regions of the model.

Elavating building’s height generated higher Cpugalspecially in rooms 1 and 3 in
the southeast simulations, attesting that the asing in the layer close to other building’s
tops resulted in better ventilation conditions. Buther investigations should be performed.

Some aspects such as the space between buildidgheaimcreasing in urban density
are not quite evaluated and still need further stigations and simulations. Also, scenarios
007 and scenario 008 didn't reach the residualgetaeven after 200 interations for
simulations with southeast wind direction. Thesenstios should be simulated again
changing mesh characteristics in order to achieli@hle results in convergence criteria.

Table 1. Pressure coefficient preliminary resutsrboms 1, 2 and 3 at the building’s basis
and higher floor.

Pressure Coefficients (Cp) (dimensionless)

. East Wind (90°) Southeast Wind(135°)
Scenario Floor

Room 1 Room 2 Room 3 Room 1 Room 2 Room 3

(P1) (P2) (P3) (P1) (P2) (P3)
001 Floor 1 0,18 0,12 -0,16 0,26 0,23 0,08
Floor 24 0,13 0,20 -0,11 0,18 0,23 0,40
002 Floor 1 0,22 0,16 -0,10 0,27 0,25 0,11
Floor 24 0,12 0,14 0,16 0,21 0,21 0,41
003 Floor 1 0,21 0,14 -0,15 0,28 0,25 0,04
Floor 24 0,25 0,25 0,02 0,22 0,19 0,38
004 Floor 1 0,18 0,11 -0,13 0,26 0,22 0,09
Floor 24 0,22 0,22 -0,05 0,25 0,26 0,33
005 Floor 1 0,19 0,12 -0,11 0,26 0,24 0,15
Floor 24 0,18 0,18 0,10 0,26 0,24 0,54
006 Floor 1 0,19 0,14 -0,14 0,26 0,23 0,01
Floor 24 0,21 0,17 0,23 0,30 0,32 0,50

007 Floor 1 0,18 0,13 -0,11 - - -

Floor 24 0,21 0,17 0,01 - - -

008 Floor 1 0,20 0,15 -0,19 - - -

Floor 24 0,23 0,23 -0,06 - - -

4. NEXT STEPS: CALCULATING AIRFLOW RATES FOR EACH S CENARIO

Airflow rates inside the apartments will be cal¢athusing pressure coefficients (Cps)
over the model building’s facades as a result @vimd simulations for each urban density
scenario designed.

Airflow rates inside the main building will be calated using equation 1, which takes



the size and discharge characteristics of eadheodpenings involved in the simulation.

;5

_ (Cpy — CPys1) (1)
0= 1 1 1
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Where:(Q = airflow rate
Cp. =Pressure coefficient on inlet opening
Cpn + 1= Pressure coefficient on outlet opening
V, = air speed on the opening height (m/s)
Cd; = Discharge coefficient of the opening
A= Inlet opening aera (m?) x cosine the wind
incidence angle
Cd, = Discharge coefficient for internal open-
ings
A, = Internal opening area (m?)
Cd, = Discharge coefficient for outlet
A, = Outlet opening area (m?)

Based on simulation results and airflow rates imsfte model building, an electronic
matrix will be elaborated in order to relate themauical field of pressure coefficients on the
model building’s facade in each scenario and itscef on indoor airflow. Changes in air
speed and the necessary flow to maintain acceptapérating temperature values are
determined by the adaptive temperature chart, esrsioy figure 10 [23]. The mean radiant
temperature (TRM) should be calculated for the tiypiical flat inside the main building in
the simulations. The dry bulb temperature (TSkkeh from the weather data for Fortaleza
and the radiant thermal exchange coefficient issomred as a fixed value for indoor
simulations.
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Figure 10. Acceptable temperature ranges in ndgurahtilated buildings according
to average mean monthly temperature for Fortaleza
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