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INTRODUCTION
This paper presents a numerical investigation of airflow in a n open geometry. The case under consideration is a room with t wo opposite and decentred openings
which create a strong potential for ventilation. This study is the first step in a global work (wall to fluid heat transfer, fl ow zones definition, turbulence model test
and selection, radiative heat transfer, etc. . . ), but here o nly natural convection is considered. This room model proce eds from a benchmark exercise “ADNBATI” [1]
(http ://adnbati.limsi.fr) coordinated by the ”Centre Nat ional de la Recherche Française -CNRS-“.

BUILDING CHARACTERISTICS
The building characteristics dimensions are the following s : H = 2.50 m height and W = 6.50 m
width . 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 o utside air is fixed, resulting in a
characteristic Rayleigh number ranging from 10 5 to 1.49 10 8.

Height low East opening H1 [m] 0, 60

Height low West opening H2 [m] 0, 30

Height wall East H3 [m] 1, 70

Height wall West H4 [m] 2, 15

FIGURE 1: Geometry characteristic parameters.

NUMERICAL APPROACH
The usual dimensionless Boussinesq 2D Navier-Stokes equat ions were used. The numerical
code has been developed thanks to the environment OpenFOAM [ 2]. The time derivatives in the
momentum and in the energy equations are performed by a secon d-order backward differentia-
tion. The convection terms are approximate using a second-o rder Adams-Bashford extrapolation
method. The diffusion terms are implicitly treated.

BOUNDARY CONDITIONS
Wall boundary conditions and opening boundary conditions :

Wall

u u = 0, ∀ wall

θ θ = 1, ∀ wall

Outlet

u ∂n u = 0, ∀ φ

θ







∂nθ = 0, si φ > 0

θ = 0, si φ < 0

Pm Pm = 0, ∀ φ

Height low East opening boundary conditions :
We here propose the use of a Bernoulli boundary condition to t he
opening (cf. figure 2.a). If φk > 0 exist then a mixed boundary
condition were used (cf. figure 2.b).

(a) ∄φk > 0 (b) φk > 0

FIGURE 2: Inlet boundary conditions.
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∂nu = 0, ∀φ

ut = 0, si φ < 0
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∂nθ = 0, si φ > 0

θ = 0, si φ < 0
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Pm = −
G2

2
, si ∄φk > 0

Pm = 0, si φk > 0 et Pm = −
1
2v2, si φk < 0

RESULTS : Ra = 105, 106, 107 and 1.49 108

(a) u (X = 6, 6 m) (b) v (X = 6, 6 m)

(c) u (X = −0, 1 m) (d) v (X = −0, 1 m)

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

(a) Ra = 105 (b) Ra = 105

(c) Ra = 106 (d) Ra = 106

(e) Ra = 107 (f) Ra = 107

(g) Ra = 1.49 108 (h) Ra = 1.49 108

FIGURE 4: Average solutions. Left : Average temperature field. Right :
streamlines of average flow. Ra = 105, 106, 107 and 1.49 108.

Wall heat transfer and mass flow rate :
Wall Average Nusselt number Nui (cf. table 1.a) :
◮ NuF Floor,
◮ NuR Roof,
◮ NuO Western wall,
◮ NuE Eastern wall.

Characteristic parameters for night cooling (cf.
table 1.b) :

a)

Ra # 105 106 107 1.49 108

NuF 3.60 8.01 17.95 41.27

NuR 0.80 1.49 2.97 7.44

NuO 1.58 7.21 17.41 43.38

NuE 3.41 7.49 17.60 40.11

b)

Ra # 105 106 107 1.49 108

G [-] 0.0230 0.0209 0.0180 0.014

Qv [m 3.h−1] 1.47 4.230 11.43 35.50

τ [vol.h −1] 0.01 0.26 0.71 2.17

θm [-] 0.85 0.70 0.55 0.405

P [W] 2.96e-5 6.85e-4 1.55e-2 0.488

TABLE 1: Average Nusselt number (a) and summary of average flow results
(b).

CONCLUSION
A direct numerical simulation of the natural airflow in an ope n cavity has been presented and discussed. We choose a room mo del which will be used as a basis for
other simulations in order to expand our knowledge in regard s to night cooling. The validation of the choice concerning t he boundary condition on the inlet pressure
has been realized on the basis of a comparison with the numeri cal data of the benchmark for Ra = 5.105 [3] The first results that we are presenting in the benchmark
configuration here ADNBATI [1] will be confronted in a near fu ture to other team’s results especially concerning the valu es 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 = αRaγ.) In order to realize a more realistic
situation, Ra = 109-1010, it would be indispensable to take turbulent models so as to o btain 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.
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