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ABSTRACT
This work is a multidisciplinary approach of natural

ventilation in hot and humid climates. Our aim is the

control of thermal comfort in tropical towns. We

evaluate the natural ventilation potential of different

shapes of the dense housing. We present here the

result we obtained in the case of areas in chequered

plan of colonial type (fig. 1). We model the quarter

and simulate the airflow induced by wind around the

buildings using a CFD code. This allows us to

calculate the difference of pressure that appears

between upwind and downwind sides of each house.

From this result, we establish simple rules that can be

used by designers.

Figure 1: Details of a cluster of buildings within the

historical district of Cayenne, French Guyana.

INTRODUCTION
Our aim is to produce objective knowledge on

climatic design applied to tropical towns that can be

used by town planers and architects. It concerns

thermal comfort of inhabitants in hot and humid

climates.

Architects are brought to choose between various

solutions the consequences (physical, sociological,

economical, esthetical…) of which they cannot

assess. This article is axed on knowledge that can be

explained by scientific analysis of physical

phenomena, and that hinges on techniques that refer

to referenced architectures.

In hot and humid climates, the air temperature ranges

from 25 to 30°C and the relative humidity from 75 to

99 %. The population has naturally adapted its

behavior to these conditions. They wear full

(allowing air mixing in the surrounding of the skin),

short (rising the surface of skin in contact with air)

and light (minimizing thermal insulation) clothes.

They optimize their metabolic activity (digestion and

efforts), protect or take themselves away from

radiating heat sources (sun shining) and prefer

ventilated areas (to rise evapo-perspiration).

In the same way, buildings can be optimized to

climate, so that they provide the best thermal comfort

to their inhabitants. In hot climates, buildings should

have lowest wall temperatures and exposure to

sunshine and to canopy of heaven, so that infra-red

exchanges with the occupants are reduced. They also

should allow important airflows through occupied

spaces, with lowest air temperature and moderate

humidity so that convective exchanges with the skin

and the lungs are maximized. In hot and dry climates,

each of these parameters ranges enough to have an

influence on the comfort of the housing. But in

tropical climates, air temperature and humidity can be

considered to be steady. It is the reason why we have

to focus on infrared radiation and air velocity.

In this article, we give the elements that yield us to

formulate some knowledge of air flows in the

surroundings of buildings. We analyze the

information urban designers can refer to. This allows

us to point out that they are lacking in operational

rules. To formulate rules that could fulfill this need,

we choose the urban shapes we will model and

simulate.

CLIMATIC DESIGN APPLIED TO

TROPICAL TOWNS
In hot and humid climates, adaptation of buildings

consists in protecting occupied spaced from solar

radiation but favoring airflows through them. To

achieve this last purpose, it can be taken advantage of
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wind, and if necessary, wind-induced airflows in

buildings can be increased by mechanical means.

Natural ventilation in hot and humid climates furthers

thermal comfort but allows controlling energy

consumption. Knowledge and methods related to this

technique are available in Givoni et al. 1976,

Gandemer et al. 1992, Célaire et al. 1993, Liébard et

al. 2001.

Conductive and radiative transfers are now well

known and methods are applied for the choice of

materials (optimizing buildings inertia and insulation,

surfaces absorption and emission) and buildings’

shapes  (dimensions of canopy (fig. 2), slatted

awning…).

Air flows in buildings are due to wind and thermal

buoyancy that create a pressure variations over the

building envelope. As a pressure difference occurs

over the building envelope, the air is bound to flow

from higher pressure to lower pressure and thus

airflow through the building will arise. At present,

there is no simple and reliable method that gives

pressure distribution in the whole building. The

various natures of airflows that can occur

simultaneously in a room (laminar, turbulent, steady

and unsteady…) make the study complicated. This is

all the more complex in open spaces where

conditions are varying a lot.

Wind-induced airflows in buildings were

experimentally studied by Allard et al. 1998, but

another difficulty appears when one wants to

implement these results in simulation tools.

Concerning isothermal airflows in the surrounding of

buildings, experiments carried in wind tunnels have

pointed some architectural choices out. They give

information about the appropriateness of the

buildings’ shapes (roof, size and position of

openings, indoor partitioning…) with natural

ventilation (Gandemer et al. 1992). They also can

give general rules concerning the influence of the

topography of the site and of the surrounding

obstacles (buildings, trees…). Yet, this kind of

studies is expensive and is still used for exceptional

buildings only.

In the other cases, there is no mean to know the

details of airflow rates entering in buildings, which is

essential to analyze indoor airflows, no mean to

analyze the influence of relative positions of

buildings.

We will try to fulfill this lack.

Figure 2: Canopy of a traditional house in Cayenne.

CHOICE OF STUDIED CASES
The diversity of buildings’ shapes and surrounding

conditions makes the results of studies available in

bibliography difficult to transpose to real cases. The

urban shapes we will study using numerical

simulations, have been chosen to answer to the

following requirements:

- Existing urban configurations: this obliges us to

be as near as possible from real cases so that the

results will be more evocative for designers.

- Dense urban configurations: for economical

reasons, in tropical climates, most urban buildings

are constructed in dense areas.

- Building typology corresponding to inhabitants’

demand: the use of indoor spaces varies in

function of local customs. The urban shapes we

will study coincide with housing typologies that

are acknowledged by local population.

- Buildings that match with local building

contractors’ know-how: building techniques also

varies. It is the reason why we will study urban

shapes corresponding to techniques that are

usually used in Cayenne.

We collaborated with local architects, urban planners,

building contractors, contracting authorities, public

engineering department to identify configurations we

will study: a cluster of buildings chosen in the

historical Cayenne town center. This district is

constructed in a chequered plan, as it was usually the

case during the colonial period (18
th

 century). This

shape can be encountered in most of tropical towns. It

is still used in contemporary constructions. This

cluster gathers traditional town wooden two- or three-

storied houses (fig 3.). Gradually, small collective

four- or five-storied “European“ buildings replace

Creole houses.
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Figure 3: traditional town wooden two-storied house

in Cayenne

In this paper, we evaluate the natural ventilation

potential of housings that are in these clusters of

buildings.

SIMULATION TOOL AND STUDIED

PARAMETERS
Our mechanical study of the action of the wind on

buildings is tackled using numerical modeling of the

atmospheric turbulence. We postulate that air motion

in the atmospheric layer can be represented using

Navier-Stokes equations applied to an incompressible

fluid. Numerical simulations are realized using the

N3S CFD code (Computational Fluid Dynamics

software), which is based on the finite elements

method and developed by EDF (Electricite de

France) and the Simulog Corporation. This tool is

well adapted to research but it needs too much

simulation time to be used usual studies.

The major feature of this tool is that it allows

handling configurations the geometry of which is

complex. The results given by this code seem to be

qualitatively correct.

Figure 4: Evaluation of �P in the case of a building the

sides of which are windward (left hand) and leeward (right

hand).

We represented and meshed the cluster we want to

study and a part of the surrounding ones (fig. 7, p. 5).

We immersed them in a numerical wind tunnel.

The wind creates a pressure field around buildings.

The shape of this pressure field is determined by the

obstacles, the shape of the building and by the wind

velocity and direction. When analyzing the results,

we will focus on the pressure distribution along the

building’s faces. These results allow us evaluating the

pressure difference (�P) that occurs between

windward and leeward facades of each housing (fig.

4). This pressure difference (added to the knowledge

of facades porosity and indoor partitioning, which are

housing’s intrinsic parameters) is indicative of the

airflow rates that will cross the housings. Besides,

when using tools that permit to evaluate airflows in

naturally ventilated buildings, pressures�are asked

(Allard et al. 1998).

Wind engineering studies (Ashrae 1993) use to

evaluate wind pressure Pwind on the building

enveloppe with the equation:

Pwind = Cp . ½ � . Uo
2

where Cp = pressure coefficient

� = density of the air (kg/m
3
)

Uo= wind velocity in unrestricted air flow (m/s)

This equation is the part of the Bernoulli equation

describing the dynamic pressure. The pressure

coefficient determines to which extent the wind

pressure is present in the particular spot. Values

depend on building wind direction, influence of

nearby buildings and terrain features. This coefficient

is used when non-dimensional values are needed (as

wind tunnel small-scale tests). However, we choose

to keep the entire information: pressure around the

building, and wind reference velocity, which will be

adapted to most of indoor air motion simulation tools.

For example simulation tools based on zonal models

need either pressure in Pascal (Musy 1999) or

pressure coefficient (Axley 2000). Those tools which

are an intermediate approach between one-node

models and CFD models point an important stake to

our problematic: they allow to predict air flow

patterns in the room of the whole building.

Before analyzing the influence of the shape of the

cluster on the natural ventilation potential of each

housing, we have compared the results (pressures

measured on windward and leeward facades)

obtained when immersing a simple configuration both

in a wind tunnel and in the numerical wind tunnel

(Laurentin 1997). This yields us to evaluate a 11%

difference between simulation and experiment (fig.

5). These results agree with those generally noticed in

this kind of comparison. Note that pressure

experimental measurements include uncertainties that
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are in the same order of magnitude than this

difference.

Figure 5: Simulated and experimental pressures on

leeward (left-hand) and windward (right-hand) sides.

Now, we present the modeling simulation of the real

cluster of buildings.

During the geometrical modeling stage, we simplify

the buildings’ geometry. We have three simplification

levels (they will be detailed later). We try not to

wander from realistic urban shapes. It is the reason

why, in one case, we keep the roofs’ shape and the

different buildings’ heights. On the contrary, we

neglect the small irregularities of facades, streets, and

roofs. The dimensions of the wind tunnel must be

large enough so that the conditions imposed to the

tunnel’s surfaces do not influence the airflow in the

surrounding of the buildings. The tunnel height must

almost be ten-fold higher than buildings, and the

distance between the buildings and lateral and inlet

surfaces of wind tunnels must be almost four-fold

larger than the height of buildings.

Concerning the limit conditions, we postulate that

buildings are impermeable to air. We neglect

openings because it has been obtained in a previous

study that the buildings permeability, which is lower

than 20%, has little influence on outdoor airflow).

This assumption is supported by experiments carried

in a wind tunnel (Laurentin 1997, Bonneaud 1998).

The numerical wind tunnel consists in an inlet wind

profile, free outlet and symmetry conditions applied

to lateral and top surfaces (fig. 7).

The wind velocity varies with height and roughness

of the surroundings. To give the wind inlet profile,

we use statistical datasets from Cayenne-

Rochambeau’s meteorological station. They provide

us the values of U10meteo, the wind velocity at height of

ten meters in open surroundings. It permits us to

formulate the vertical variation of wind mean

velocity, as it is done in the next European rules

(Eurocode 1):

U(z) = C(z) . U10météo

with C(z) = k.ln(z/zo) if zmin < z < 500 m

and C(z) = C(zmin) if z < zmin

where U10météo = measured wind velocity at 10 meters

height at the nearest meteorological station (m/s)

k and zo = constants dependant on terrain

and zmin = characteristic height of ground dynamical

boundary layer

To use a value of the wind velocity that is appropriate

to the specific conditions of Cayenne town center, the

measured velocity at the meteorological station has

been adjusted. The values we use for numerical

simulations correspond to those measured in situ

during 70% of the year (for direction, intensity et

frequency), according to climatological adjustment

studies (Delaunay 1999):

U10météo = 5 m/s         k = 0,2 zo = 0,07

The meshing is tightened near the buildings and

looser near the wind tunnel surfaces.

We carry our calculations with isothermal conditions

(what is justified by the small range of temperature in

the considered climate) and use the standard k-�

turbulence model.

Figure 6: Meshing of the floor and the buildings’ roofs

(Case 3).
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Figure 7: Elements explaining the simulation conditions of the building cluster. This figure has been obtained using the

results representation given by the Ensight Software (Simulog) we use to analyze our simulation results.
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SIMULATION RESULTS
We study three configurations corresponding to

three slightly different geometries.

Case 1: We study a part of Cayenne town in

chequered plan. It consists in a central cluster

surrounded with clusters the shape of which is

similar. The houses forming these clusters are

Creole one- two- or three-storied houses with

sloping roofs.

Case 2: Starting from case 1, we transform the

central cluster into modern three-storied

parallelepiped buildings. This shape of buildings

corresponds to contemporary one. These buildings

are bigger than Creole houses. So, we can study the

impact of the size of buildings (the size of the

cluster being unchanged) on the natural ventilation

potential of the cluster’s buildings.

Case 3: Starting from case 2, we also transform the

shape of surrounding clusters into modern

buildings.

Figure 8: Global trend of dynamic pressures at the

housing sides (average values of each whole vertical

surfaces) for the three studied cases.

The dynamic pressures calculated on the housing

sides are analogous for the three studied cases. For

each house side, the values given on figures 8, 9 and

10 are the average dynamic pressures minus the

static pressure.

The front sides of the houses which are

perpendicular to the wind direction get average

overpressures of + 3 Pa when they are facing the

wind (mark I of fig. 8) and average low-pressures of

– 2 Pa when they are facing the opposite direction

(mark III) (in particular instances smaller than – 7

Pa).

Figure 10: Pressure Difference (�P in red) and relative

values (% in dark blue) and direction of the balancing

air flows (small arrows) for each house of the bock.

The back sides of the houses which are

perpendicular to the wind direction get stronger

pressure intensities. They get an average

overpressure of + 6 Pa (in particular instances

bigger than + 8 Pa) when they are facing the wind

(mark IV) and an average low-pressure around –

3 Pa when they are facing the opposite direction

(mark II).

The front sides of the houses which are parallel to

the wind direction (marks V) get very low

variations in pressure. They fluctuate around 0 Pa

and in particular instances up to + 1 Pa or – 1 Pa.

The back sides of the houses which are parallel to

the wind (marks VI, VII and VIII) get more

significant variations in pressure. Housing sides

towards the wind (marks VI) get average low-

pressures of – 4 Pa. Sides at the opposite direction

of the wind (marks VIII) get overpressures around +

8 Pa.

The differences of pressure values (�P) are, as the

dynamic pressures at the housing sides, similar in

the three studied cases.

For the rectilinear blocks of flats, which are

perpendicular to the wind direction, the value of

�Paverage is around 5 to 6 Pa. Housing sides to the

wind get systematic overpressures and the sides at

the opposite direction of the wind get low-pressures.

So the direction of the balancing airflow inside the

flats is the identical to the area’s wind direction.

The �P values are lower for the rectilinear blocks

of flats which are parallel to the wind. Average

intensities are 1 to 2 Pa and depend on the studied

case. The �P values are basically equal to zero at

the center of the block (marks VII), and more

sizeable at the extremities. The direction of the

balancing flows inside the flats at the opposite

direction of the wind (marks VIII) is toward the

street. On the other hand, the direction of balancing
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airflows for flats to the wind (marks VI) is towards

the block’s center. The indoor airflows direction

change is mainly explained by the pressure

variations at the back sides of the houses.

Other aerodynamic trends that could be useful to

urban schemes can be inferred from our

simulations. We see that different widths of streets

that are parallel to wind direction (12 m and 16 m)

do not have significant influence on dynamic

pressures at the housing sides.

Now, we consider the simulation results of the case

1 at the flat’s scale. We note down, for each

adjoining house, the value of �P, calculated with

the N3S code (fig. 10). For an easier reading, we

write down the real and the relative values. For

relative values, we divided the value of �Pi of each

flat by the average value of �Pcase 1 (for the set of

the block’s houses). These ratios are expressed in

percentages.

When we compare this kind of results in each

studied cases, we note that wind phenomenon is

varying a lot from a case to another, what makes the

comparison difficult. The change in geometry

(buildings’ height, roofs’ shapes, parcels’ depth)

does not globally alter the results, but locally, they

may be very different. Moreover, the complexity of

these parameters makes interpolation difficult.

Figure 9: 3D views and global trends of dynamic pressures at the housing sides for each studied case

- 115 -



DISCUSSION
The average dynamical pressure on the house sides is

low. ��P calculated values globally range from 0 to

10 Pascal. The low mean value of wind velocity (5

m/s at 10 m high) and the high buildings density of

the studied quarter could explain it. These

quantitative values must be carefully interpolated to

real configurations. We prefer express them as grades

describing the natural ventilation potential of a

building in function of the shape of the cluster it

belongs to and its position into the cluster (related to

the wind prevailing direction).

The results given in the part « simulation results »

bring first information about the kind of design rules

that could be available for building designers and

town planners. This information could help them to

predict natural ventilation efficiency of buildings and

to arrange housings’ partitioning in function of indoor

wind-induced airflow direction, in order to improve

indoor air quality.

However, buildings’ shapes used in this study are

either too simplistic (cases 2 and 3) according to

designers or too complex (case 1) to permit to explain

local wind phenomena. So, the comparison of the

three cases we studied does not allow us to have a

detailed analyze of local pressures on both sides of

each housing.
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CONCLUSIONS
Our approach of thermal comfort is based on basic

notions related to human body physiology that allow

deducing the essential physical parameters that

directly influence inhabitant comfort: air velocity in

housings. In natural ventilation configurations, indoor

air motion is directly linked to pressure difference

that occurs between sides of the building.

We have studied 3 different shapes of an urban block

in Cayenne situated in a chequered plan. We altered

the geometry of buildings in order to represent

traditional Creole houses or parallelepipedic modern

buildings. Those shapes could appear simplistic to

designers but the differences we encountered when

analyzing the results indicate that they are already too

complex to be yield to detailed predictive rules about

wind phenomenon at the level of each flat.

It should be underlined that, when we consider the

whole cluster of houses, the analysis of our 3 studied

cases agrees well with the rules evaluating

qualitatively the natural ventilation potential of the

housing according to the global shape of the block.

Those results will be also useful to predict, with zonal

models (Musy 1999, Axley 2000), thermal comfort

distribution in the whole building.

Our aim being to obtain rules applicable to a great

number of urban housings in hot and humid climates,

we will carry further simulations changing one by one

the geometrical parameters (height of buildings,

length of parcels, width of streets…).
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