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It is important to use numerical tools, at the stage of design of

buildings, to make them nearly zero-energy buildings. To im-

prove the thermal quality of the building envelope, it is very

useful the roof insulation and designs with natural ventila-

tion. One target is to obtain a less energy-dependence build-

ing by studying different configurations of the courtyards to

hold the confort inside the building [2]. We propose to cal-

culate both velocity and temperature outside and inside build-

ings. The numerical simulation model consists of taking into

acccount energy equation and Navier-Stokes equations. We in-

clude Boussinesq approximation linked to a modified Chorin

algorithm [7] and we present comparative numerical results

with other DNS solvers on several test cases [10, 11]. The

advantage of using this model is that is appropriate for conver-

gence, using for velocity polynomial approximation of grade

one in finite elements. It is very important to get results in 3D

with reasonable computational time cost. To compute the tem-

perature over walls and roofs we consider nonlinear radiation-

exchange flux at the outside and convection effects depending

of the wind. The exterior roof surface is exposed to outdoor

solar radiation, dry-bulb air temperature and the sky tempera-

ture. We consider a building with roof and walls consisting dif-

ferent layers as concrete, air cavity and expanded polystyrene,

among others. To make mesh of the air domain and the solids

mesh we use only free software[4, 5, 6]. We have implement

the complete model and simulations carried out with the open

source FreeFem++ language [1, 3] High Performance Comput-

ing(HPC) clusters and paralell sparse solvers.
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