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Nowadays, external isolation is highly recommended for both building renovation and new building construction. This isolation requires the installation of structure protecting the insulating materials from the humidity and weather variations. One of the current techniques is the installation of ventilated façades. This study aims to show the use of ventilated façades as a preheating system of the air, based on parietodynamic principle. Literature studies have highlighted that this principle is interesting with regard to the heat recovery. The basic study of the thermal system revealed the difficulty of the simplified models in obtaining the internal convective exchange coefficients. Therefore, CFD simulations are chosen to study a 2D turbulent steady-state airflow, driven by mixed convection, in the cavity of the ventilated façade. In order to characterize the system performance, a series of simulations has been carried out in function of seasons, solar flux conditions and pressure differences between the inlet and outlet of the air gap.

Introduction

Currently, there are various systems of ventilated façade, all of which are characterized by incorporating a ventilated air chamber between the outer skin and the insulation (which is continuous along the entire façade). The main purpose of this type of façade is to protect insulating materials by dissipating humidity. Nevertheless, this disposal could be also used for the preheating of the renewal air in winter and for the dissipating of the solar heat in summer. The operation is based on natural air convection by temperature differences and wind effect. Thus, an upward flow of air is created through the chamber, which dissipates heat from the interior wall and/or from outer skin and is finally expelled out through the top of the façade. The more important the heat recovery is, the higher the air velocity is. This phenomenon can be valorised in 2 ways depending on the season: • Minimising the need of heating in winter: By circulating the air in the cavity, it collects the heat from the interior (surface heat loss) and from the exterior (solar gain).

Consequently, this preheated air can be used for the air renewal of the building. • Minimising the need of air conditioning in summer: The outer skin absorbs solar radiation that is dissipated by the airflow. The preheated air can be evacuated [START_REF] Gagliano | Thermodynamic analysis of ventilated façades under different wind conditions in summer period[END_REF].

Ventilated façade with open joint allows free circulation of air between the chamber and the outside. In this type of façade, the air usually enters from outside into the chamber through the joints of the lower-half of the façade, and is gradually out to the outside through the upper joints [START_REF] Gratia | Greenhouse effect in double-skin façade[END_REF]. The performance of this type of façade has been previously studied by the
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Strasbourg _France/28_29 juin 2018 development of CFD numerical models [START_REF] Gloriant | Modeling numerical study of the thermal performance of a ventilaeted façade[END_REF], [START_REF] Sanjuan | Energy performance of an open-joint ventilated façade compared with a conventional sealed cavity façade[END_REF] as well as by the nonintrusive experimental of airflow techniques [START_REF] Sanjuan | Experimental assessment of the performance of open joint ventilated fac ß ades with buoyancy-driven airflow[END_REF].

On one hand, ventilated façades are particularly adapted in summer periods and where orientations are exposed to direct sunlight. Under these conditions, solar radiation can increase the surface temperature of a traditional façade by 60°C, so this heat dissipation through the ventilated chamber represents a significant energy saving in air conditioning systems. On the other hand, during cold periods, the heated air from the cavity can be introduced into the building in order to reduce the heat losses due to ventilation.

In general, a ventilated façade consists of brick, insulation, cavity and outer layer [START_REF] Romila | General Principles for the Design and Construction of Ventilated Façades[END_REF], [START_REF] Zhang | The application of air layers in building envelopes : A review[END_REF]. Based on experiment results conducted by Christina Sanjuan et.al, 2011 [START_REF] Sanjuan | Energy performance of an open-joint ventilated façade compared with a conventional sealed cavity façade[END_REF], the open joint ventilated façade shows better performance in thermal phenomena rather than the sealed cavity. Figure 1 shows the principle of airflow circulation in glazing windows. This principle represents the same airflow circulation for the ventilated façade. Model (A) "supply air" shows to introduce a renewal air into the house. This model is particularly effective to reduce thermal losses in building during the heating season. Model (B) "exhaust air" is used to evacuate the air from the interior. Model (C) and (D) are respectively "indoor air circulation" and "outdoor air circulation". It should be noted that indoor and outdoor air are separated, so they have different functional models system ventilation of the house. [START_REF] Zhang | The application of air layers in building envelopes : A review[END_REF] In this research, the model (A) in heating season and the model (D) in cooling season are considered. In the first time, the variations of the different heat fluxes are analyzed in function of the depression between the inlet and the outlet of the ventilated façade and in function of the presence or absence of solar radiation. In the second time, the thermal performance of the disposal is studied and compared to a façade without outer skin.

Figure 1. Different types of airflow

-Problem description

Geometry of the model

In this study, the bidimensional model considered consists of a brick wall 3 m high, insulated from the exterior by glass-wool. The insulating material is protected by a ventilated façade of aluminium and polyethylene. The width of cavity wall is about 6 cm. The proposed system is detailed below (Figure 2). The ventilated façade system is composed (from outside to inside) of the following: outer layers (2 mm), air chamber (60 mm), thermal insulation (200 mm), brick and plaster (200 mm). The thermal properties of the materials used are presented in Table 1. According to ISO 15099 [START_REF] Iso | Thermal performance of windows, doors and shading devices -detailed calculations[END_REF], the air properties variation is based on temperature polynomial functions and the density variation is governed by the ideal-gas law.
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Hypotheses and boundary conditions

The equations of numerical model were solved using finite volume method. The simulations were performed at steady-state by the Euler and Navier-Stokes equations [START_REF] Coirier | Based Scheme for the Euler and Navier-Stokes Equations by[END_REF]. The effects of the turbulence is taken into account by the standard k-epsilon turbulence model [START_REF] Buratti | Mean age of air in a naturally ventilated office: Experimental data and simulations[END_REF], [START_REF] Kwon | Analysing ventilation efficiency in a test chamber using age-of-air concept and CFD technology[END_REF], [START_REF] Mohammed | A simplified method for modeling of round and square ceiling diffusers[END_REF]. Transfer radiation has been simulated with the discrete ordinates (DO) model, allowing the determination of radiative transfer in the air chamber. The criteria of convergence are set at 10 -3 . 
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Boundary conditions of the simulations are detailed in Figure 3. The boundary conditions at the inner side (CL1) and the outer side (CL3) are fixed by a heat transfer coefficient, an ambiant temperature and a radiative temperature. Their values are typically used in building codes for interior and exterior conditions, and are based on ISO 15099 [START_REF] Iso | Thermal performance of windows, doors and shading devices -detailed calculations[END_REF]. For the air inlet (CL5) and the air outlet (CL6), a difference pressure ∆P is set. The entrance temperature of the air is imposed at the exterior temperature. Finaly, solar radiation on the plate is simulated as an internal heat source on the exterior surface of the ventilated façade.

-Results and Discussion

2.1 Temperature profiles in the air chamber with and without solar radiation Figure 4 shows the horizontal profiles of temperature inside the cavity at different height in winter season and the bulk temperature for each section. The temperature gradually increases with the upward air movement through the chamber. The profiles highlight a thermal disturbance at throttling section due to the assembly of the two facings (green curve, Figure 4). It is worth noting that the temperature varies slower after throttling section of cladding. Without solar radiation, the temperature at different height is decreased while reaching the outer skin. With the presence of solar radiation, the solar energy reheats the outer skin thus the air is preheated from both faces. 

Depression effect on the heat fluxes

From the obtained numerical results, the heat fluxes in the inner and outer faces of the ventilated façade and the heat recovered by the airflow have been estimated. Figure 5 shows the evolution of these fluxes in function of seasons, solar radiation and pressure difference.

At the first sight, it should bear in mind that the presence of solar radiation has a significant impact on the quantity of heat exchanged inside ventilated chamber; up to 200W in summer and 90W in winter. Without solar radiation, fluxes values are lower.

In any climatic conditions, the interior heat flux varies slightly due to the high performance of the insulation. In winter season, the heat loss is about 20W and in summer season, there is a heat gain of about 5W from the cavity.
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In the cavity, the more important the airflow is, the higher the heat recovery is. Note that this trend is opposed in summer without solar radiation. For this case, the air temperature decreases in the cavity. The variation of the external flux leads directly to the variation of flux exchanged by energy conservation principle. 

Thermal performance analysis

From the heat balances presented in Figure 6 and realized for a 2 Pa depression, it is clear that air cavity bring a positive impact on the thermal performance of wall. In summer season, with solar radiation, the cavity helps to dissipate 90% of the heat received by radiation, which allows to reduce by more than half of the heat gain in comparison with the same wall without cladding. Without solar radiation, the air cavity seems not to be interesting. It does not have a positive influence on the thermal behaviour of the wall because the air inside ventilation chamber cools by heat transfer to the indoor environment. In winter season, if the air cavity is used for the ventilation of the building, the heat balance can be enhanced. Without solar radiation, the cladding makes it possible to reduce thermal losses by 17%. The case with solar radiation is more interesting. The ventilated façade makes it possible to recover more heat that there are no losses, thanks to the heating of the cavity on both sides of it. In comparison with the wall without cladding, the heat gain represents more than 30%.

Conclusion

There are several passive solar façade systems. The studied one consists of the existence of an air chamber behind a ventilated cladding that is not isolated from the outside environment. Thus, the air can circulate in the cavity, be preheated before being distributed in the building or dissipated outside. The study shows that the cavity can be enhanced. In winter, it can be used for the preheating of the air ventilation by recovering the heat loss from interior and the solar radiation. In summer, the cavity can be used to evacuate the excessive heat gain.

This work shows also that the behaviour of the ventilated façade depends strongly on the pressure difference between the inlet and outlet. A further study should be conducted in order to evaluate the obtained airflow in the cavity.

Figure 2 .

 2 Figure 2. Geometry of the model; A) Air inlet, B) Assembly of two shell, C) Air outlet

Figure 3 .

 3 Figure 3. Boundary conditions

Figure 4 .

 4 Figure 4. Temperature profiles inside ventilated chamber in winter season, condition pressure 2 Pa. A) With solar radiation B) Without solar radiation

Figure 5 .

 5 Figure 5. Heat fluxes inside ventilation chamber in summer and winter conditions, with and without solar radiation

Figure 6 .

 6 Figure 6. Heat balances in summer and winter conditions, with and without solar radiation for a 2Pa depression
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