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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 10 5 to 10 7 . This room model proceeds from a benchmark exercise "ADNBATI" (http ://adnbati.

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" [START_REF] Stephan | Benchmark de ventilation naturelle traversante (ADNBATI)[END_REF] 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 H 1 /H 2 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 10 5 to 10 7 . 

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 : ߩ ൌ ߩ ሾ1 െ ߚሺܶ െ ܶ ሻሿ, where β is the thermal expansion coefficient. The usual dimensionless Boussinesq 2D Navier-Stokes equations are then:
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The corresponding equations are made dimensionless by introducing H, ܷ ே ൌ ߢܴܽ ଵ/ଶ ܪ/ [START_REF] Bejan | Convection heat transfer[END_REF] 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 ܸ. ሬሬሬԦ ݊ ሬԦ<0 then θ=0, else డఏ డ௫ ൌ 0.

The choice of the boundary conditions that must be applied to the velocity and the pressure is delicate for open geometries with natural convection flow. Indeed, the resulting thermosiphon flow is the result of the balance between the forces due to buoyancy and the head losses between the low East and the high West openings of the cavity. However, no choice appears to be trivial to impose velocity or pressure conditions at the low East opening. We here propose the use of a boundary condition from a Stokes' phenomenon to the openings. We consider that at the low East opening, the following hypotheses are respected: the flow is steady and incompressible, the viscous terms are negligible and the rotational of the velocity equals zero. We can therefore relate the mass flow rate to the difference of pressure between the low East and the high West opening by the relation:
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This boundary condition is identical to the one which was proposed during a set benchmark in the framework of the network AMETh [START_REF] Desrayaud | Etude numérique comparative des écoulements thermoconvectifs dans un canal vertical chauffé asymétriquement[END_REF] constituted of an asymmetricallyheated vertical channel, treated experimentally by [START_REF] Hill | High Rayleigh number laminar natural convection in an asymmetrically heated vertical channel[END_REF]. The comparison of the two numerical simulations between different French research teams and our personal works, turns out to be conclusive for Ra equals to 5.10 5 . The benchmark ADNBATI [START_REF] Stephan | Benchmark de ventilation naturelle traversante (ADNBATI)[END_REF] examines this issue and is currently subjected to a confrontation between numerical research codes and commercial codes. In our simulation, the boundary conditions are the following:

• at the low East opening: if ܸ. ሬሬሬԦ ݊ ሬԦ<0 then ܲ ൌ െ ଵ ଶௌ మ ܩ ଶ where ݊ ሬԦ is exterior normal vector, G is mass flow rate and S e is low East opening section. Locally, if ܸ. ሬሬሬԦ ݊ ሬԦ>0 then ܲ ൌ െ ଵ ଶ |ܸ| ଶ , else ܲ ൌ 0.
• at the high West opening: a free-jet condition is imposed: ܲ ൌ 0.

Numerical approach: spatial and temporal discretization

The numerical code has been developed thanks to the environment OpenFOAM (OpenFOAM, 2010). The time derivatives in the momentum and in the energy equations are performed by a second-order backward differentiation. The convection terms are approximate using a second-order Adams-Bashford extrapolation method. The diffusion terms are implicitly treated. The resulting Helmholtz systems are solved by a direct solver. Finally, the general numerical scheme is the following:
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Pressure-velocity coupling is obtained by an incremental rotational projection method.

In the present study, a collocated finite volume method has been used. The case has been computed with a 1024ൈ825 grid size. The local Reynolds number (Re) obtained is lower than 20 and the non-dimensional wall distance in terms of wall units (y + ) is less than 1. These quantities are displayed here for information on the quality of the mesh and will be submitted to an accurate study for more severe flows conditions for which turbulence models will be used. The dimensionless time step (∆t) varies from 1.25 10 -4 (Ra = 10 5 ) to 0.85 10 -4 (Ra = 10 7 ).

RESULTS AND DISCUSIONS

At least 60 dimensionless time units are used for this statistics calculation, in order to obtain the statistical values of u, v and θ. A steady laminar flow is obtained for Ra=10 5 and unsteady for Ra=10 6 and Ra=10 7 . Figure 2 

CONCLUSION

A direct numerical simulation of the natural airflow in an open cavity has been presented and discussed. We choose a room model which will be used as a basis for other simulations in order to expand our knowledge in regards to night cooling. The validation of the choice concerning the boundary condition on the inlet pressure has been realized on the basis of a comparison with the numerical data of the benchmark for Ra = 5.10 5 [START_REF] Desrayaud | Etude numérique comparative des écoulements thermoconvectifs dans un canal vertical chauffé asymétriquement[END_REF]. The first results that we are presenting in the benchmark configuration here ADNBATI [START_REF] Stephan | Benchmark de ventilation naturelle traversante (ADNBATI)[END_REF] will be confronted in a near future to other team's results especially concerning the values of the numbers of Nusselt and the obtained mass flow rate. The future perspectives would be, for example, to establish the evolution of the number of Rayleigh (Nu = αRa γ .) In order to realize a more realistic situation, Ra = 10 8 -10 10 , it would be indispensable to take turbulent models so as to obtain a time step compatible with parametrical simulations. A numerical approach of the flows through the large eddy simulation will be used for the superior numbers of Rayleigh to be found in the building. 

Figure 1 .

 1 Figure 1. Cavity problem.

Figure 2 .

 2 Figure 2.Average solutions. Left: average temperature field. Right: streamlines of average flow.

Figure 3 .

 3 Figure 3.Average horizontal (left) and vertical (right) velocity profiles at inlet: 3(a) et 3(b) and outlet: 3(c) et 3(d).

Table 1 .

 1 Geometry characteristic parameters. Value [m] Height low East opening H 1 Height low West opening H 2 Height wall East H 3 Height wall West H 4

	0.6
	0.3
	1.7
	2.15

Table 2 .

 2 Average Nusselt number (a) and summary of average flow results (b).

	Ra	10 5	10 6	10 7	Ra	10 5	10 6	10 7
	Nu F	3.60	8.01	17.95	G	0.023	0.021	0.018
	Nu R	0.80	1.49	2.97	D v	0.223	0.654	1.775
	Nu O	1.58	7.21	17.41	τ	0.085	0.251	0.600
	Nu E	3.41	7.49	17.60	θ m	0.850	0.700	0.550
		(a)				(b)		
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