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SUMMARY This paper presents a numerical investigation of airflow in an open geometry. The case under consideration is a room with two opposite and decentred openings which create a strong potential for ventilation. The building’s characteristic dimensions are the following: H=2.50 m height and W=6.50 m width. A temperature difference between the walls and the outside air is fixed, resulting in a characteristic Rayleigh number (Ra) ranging from 105 to 107. This room model proceeds from a benchmark exercise “ADNBATI” (http ://adnbati.limsi.fr) coordinated by the”Centre National de la Recherche Française -CNRS-“. IMPLICATIONS This paper presents and discusses the results of this numerical study. Velocity, temperature fields, as well as heat transfer at the walls are analyzed. Values of the Nusselt number and of the mass flow rate according to the Rayleigh number are established from these first results. KEYWORDS Direct Numerical Simulation, Natural convection, Open enclosures, Boundary conditions. INTRODUCTION For night cooling of buildings, two choices are possible: mechanical ventilation and/or natural ventilation. The later mechanism is an efficient passive cooling process for moderate hot climates and is investigated in this paper to remove excessive heat accumulated during the day. In the present study, investigations are performed to simulate natural convection within a building model. The geometrical configuration is an open room with two opposite and decentred openings to create a strong potential for natural ventilation. The room model proceeds from a benchmark exercise “ADNBATI” (Stephan, 2010) coordinated by the ”Centre National de la Recherche Française -CNRS-“. This study is the first step in a global work (wall to fluid heat transfer, flow zones definition, turbulence model test and selection, radiative heat transfer, etc…), but here only natural convection is considered. The building characteristics dimensions are the followings: H=2.50 m height and W=6.50 m width (see Figure 1). The opening ratio H1/H2 equals 0.5. Ra is the Rayleigh number based on the cavity height H. A temperature difference between the inside walls and the outside air is fixed, resulting in a characteristic Rayleigh number ranging from 105 to 107.



Figure 1. Cavity problem. Table 1. Geometry characteristic parameters. Value [m] Height low East opening H1 0.6 0.3 Height low West opening H2 Height wall East H3 1.7 2.15 Height wall West H4



METHODS Governing equations We consider a cavity of height H and width W traversed by an incompressible Newtonian viscous fluid of kinematic viscosity ν and thermal diffusivity κ (see figure 1). The fluid density ρ is assumed to depend only on temperature :    1     , where β is the thermal expansion coefficient. The usual dimensionless Boussinesq 2D Navier-Stokes equations are then:    0           /               /               /    



(1) (2) (3) (4)



The corresponding equations are made dimensionless by introducing H, !"#  $/ /% (Bejan, 1984) and ∆T as reference quantities for length, velocity and temperature difference. The Prandtl number Pr is fixed to 0.71. Boundary conditions The wall’s temperature is set to a constant temperature, Tw, higher than the outside temperature except for the frames of the openings for which an adiabatic condition is applied (see figure 1). A non-slip boundary condition is imposed on the velocity along all the walls. Low East opening/ high West opening: the openings are framed, in order to take the thickness of the walls into account. The imposed conditions at the end of these frames (X = −0.1 m and +, X = 6.6 m) are the followings: if ((() &. *() 
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