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Introduction

Around 7 millions worldwide annual deaths are due to air pollution. This pollution has different origins such as manufactories, cars, planes, agriculture… Among all pollutants, Ultra Fine Particles (UFP), which correspond to particle having an aerodynamic diameter below 100nm, cause strong adverse health effects. Indeed, their concentrations (in mass and number) can reach very high levels [START_REF] Morawska | Health impacts of ultrafine particles, Desktop literature review and analysis[END_REF]. One of the most important sources of UFP is transportation systems. Cars, trains, buses and motorbikes emit UFP from the tailpipe (due to engine combustion) as well as from brakes and tyres. Meanwhile, there is an exponential need of road transport as people travel more and more because they tend to live increasingly away from city centers. Factually, UFP exposure reaches its most significant levels in urban areas [START_REF] Buseck | [END_REF] in which road traffic is often heavy. This has led to an increasing exposure of car passengers, cyclists and pedestrians to air pollution making this problem a key issue for many scientists. Recent studies [START_REF] Mehel | CORTEA 2015 : Projet CAPTIHV, Final report[END_REF] have shown that higher concentrations of UFP may be encountered in the car cabin compared to the outside level. This mainly occurs in tunnels or in the ring of big cities such as Paris (France). As we spend more and more time in transportation systems, reducing the exposure of commuters has become a major goal. Having that in mind, different strategies can be set up. Reducing the infiltration using filters (such High Efficiency Particulate Air), improving the ventilation settings and getting a better understanding of the pollutant dispersion in the wake of car are some options. In this paper, we particularly address the last one. Improving our knowledge on the physical processes involved in this dispersion could lead to an optimization of air entrances of cars as well as of tailpipe (in terms of shape, size and/or position…). Therefore, in the present paper, we aim at studying the links between the wake flow properties of a squareback simplified car model and UFP concentration fields downstream of the same car model. The originality of our experimental approach is based on the use of solid particles that are representative of those emitted by a real car. To date, studies dealing with the dispersion of pollutants [START_REF] Kanda | A wind tunnel study on exhaustgas dispersion from road vehicles-part 2: effect of vehicle queues[END_REF][START_REF] Carpentieri | Wind tunnel measurements for dispersion modelling of vehicle wakes[END_REF] have used gaseous tracer. However, they do not have the same dynamics as solid particles and do not allow Particle Number Concentration (PNC) measurements.

In the next part, the experimental facilities and measurement techniques are described and our approach is explained. Then, the wake flow properties are presented in terms of mean and turbulent velocity fields. The topology of the flow is accurately depicted and compared to the literature to validate our experimental setup. Then, the PNC fields are characterized showing the strong influence of the recirculation region on the dispersion of these UFP. From our experimental data, we also propose a model that allow the determination of a diffusion coefficient with a high level of accuracy. It is believed that this result may be useful for the calibration of numerical models.

Experimental facilities and measurements techniques

As mentioned above, this paper is related to an experimental study. Measurements have been conducted in an open-circuit wind tunnel manufactured by DELTALAB (reference model EA103). The test section is 1m in length, 0.3m in both height and width. The maximum speed of the air flow is 40m/s. An important calibration campaign has been carefully achieved to characterize the incoming flow with an empty test section [START_REF] Rodriguez | Etude expérimentale de la dispersion de particules ultrafines dans le sillage de modèles simplifies de véhicules automobiles[END_REF]. The main conclusions state that the maximum streamwise turbulence intensity u'/U0 was less than 1% (outside of the boundary layer) and that this boundary layer is turbulent with a maximum thickness of 12mm at the exit of the test section (that is partially-developed inflow conditions). The car model used in this study is a 0.19 scaled Ahmed body [START_REF] Ahmed | Some Salient features of the time-averaged ground vehicle wake[END_REF] with a rear slant angle of 0° (=0°). It has a length L=196mm, a width l=73mm and a height H=54mm. The model is fixed on the floor of the test section by a cylindrical rod (diameter 5mm) and four stilts are used which height and diameter are 15mm (defined as hs) and 6mm respectively. Note that this height is larger than the maximum boundary layer thickness. The relative ground clearance is Hs=hs/H=0.28. The blockage coefficient, defined as the ratio between the model frontal area and the test section area is below 5%. Then, no correction is needed for the blockage effect [START_REF] Wang | Turbulent near wake of an Ahmed vehicle model[END_REF]. Figure 1 is a sketch of this model. For experiments with particles, a tailpipe has been stuck on the bottom part of the car. Its diameter is 4mm. From a practical point of view, it is supposed to correspond to a real light commercial vehicle. On Figure 1 It is important to note that we decided to keep the ratio between velocities of the upstream flow (U0) and the exhaust gas one (Ueg) similar for our experiments to that of a real car moving in an urban area at 13.9m/s. Then, considering our experimental facilities, a constant upstream velocity of U0=14.3m/s is considered in the present paper. The Reynolds number based on the model height (𝑅𝑒 =

) is Re=4.95.10 4 (where 𝜈 is the kinematic viscosity of air).

Velocity measurements were recorded with a 2D LDV system manufactured by DANTEC Dynamics (model 2D Flow Explorer). In terms of optical properties, the two pairs of LASER beams have wavelengths of 660nm and 785nm. The fringe spacings were 5.45µm and 6.40µm in the longitudinal and vertical directions, respectively. The diameter and length of the measuring volume (in the z direction) are 168µm and 2.81mm respectively for the first component and 200µm and 3.34mm for the second component. The focal length is 500mm and the Bragg cell frequency shifting is 80MHz.The LDV displacement in the plane (x,y) is controlled by a 2D traverse system. The LDV and traverse system are controlled by a computer and data are acquired using BSA Flow Software (v5.03.00). The fog fluid used in this study is the SAFEX Inside Nebelfluid Extra Clean provided by DANTEC [START_REF] Safex | SAFEX Fog Generator user's guide[END_REF]. It is a mixture of diethylene glycol and water. The fog generator is the SAFEX S 195 G with an adjustable flow rate. Generated seeding particles have a mean diameter of 1.068µm. [START_REF] Algieri | Experimental and numerical investigation on the effects of the seeding properties on LDA measurements[END_REF] recommended this seeding system for LDV measurements in air flows. Velocity measurements have been done in the wake flow region (downstream of the car model) corresponding to 0.09<X<5.65, 0<Y<1.3. Four planes (Z=0, Z=-0.23, Z=-0.45 and Z=-0.68) have been considered (side of the tailpipe). Due to interference with the ground, only 1D measurements have been undertaken in the region given by -0.28<Y<0.09.

When measurements have to be done close to the ground, the traverse system was inclined at 4.1° with respect to the horizontal direction. Since it is less than 5°, no correction on the velocity measurements is required [START_REF] Tachie | Open channel turbulent boundary layers and wall jets on rough surfaces[END_REF]. For 2D measurements, data acquisition lasts 90s at each location in agreement with the calibration study. For 1D measurement and due to the finer For more details, one can refer to them. Note this innovative technique ensures accurate results whatever the seeding conditions are (homogeneous or nonhomogeneous).

UFP have been generated using a PALAS, model DNP 2000 [START_REF] Palas | DNP Digital 2000 -operating manual[END_REF]. They are carbon particles with an aerodynamic diameter between 20 and 100nm. They are carried by a nitrogen flow with a flow rate of 8L/h. The mass flow rate of these UFP is 6.5mg/h. As mentioned above, for similitude reasons, the diameter of our tailpipe was 4mm. The exit of this tailpipe is at a dimensionless position given by (0, -0.04, -0.31). The exit velocity of UFP is 10.6m/s. Particles Number Concentration (PNC) have been recorded with an ELPI (Electrical Low Pressure Impactor). This device has been developed at the University of Tampere (Finland). More details about this device can be found in [START_REF] Rodriguez | Etude expérimentale de la dispersion de particules ultrafines dans le sillage de modèles simplifies de véhicules automobiles[END_REF] and [START_REF] Dekati | ELPI user manual[END_REF]. Particles have been collected using a sampling probe with a suction flow rate of 10L/s. According to diameter of the sampling probe (4mm), the aspiration speed is 13.3m/s which is close to the upstream velocity (isokinetism). UFP have been collected at 642 positions downstream of the car model ranging from 0.57 to 7.06 (X), -0.04 to 1.07 (Y) and -1.85 to 1.85 (Z). Data acquisition lasts at least 80s for each point.

A sketch of the experimental arrangement is shown on Figure 2. Different flow characteristics can be put in evidence from these figures. First, a region with negative horizontal velocities develops in the close wake of the car (Figure 3a). For X=x/H<1.39, negative values for U are found. This correspond to a recirculation region which length is Lr=1,39H. We also observe a symmetry on Figure 3a with respect to Y=y/H~0.5. This is in agreement with previous studies [START_REF] Gosse | Etude expérimentale de la dispersion d'un scalaire passif dans le proche sillage d'un corps d'Ahmed[END_REF][START_REF] Eulalie | Etude aérodynamique et contrôle de la traînée sur un corps de Ahmed à culot droit[END_REF][START_REF] Lahaye | Caractérisation de l'écoulement autour d'un corps d'Ahmed à culot droit[END_REF][START_REF] Barros | Wake and manipulation of a bluff body using fluidic forcing[END_REF]. For the vertical component (Figure 3b, the field tends to be antisymmetric with respect to Y=y/H=0.5. By combining these two 2D maps (Figure 3a and Figure 3b), the flow topology is depicted. It indicates that two counter rotating vortex develop. The upper one (Y>0.5) is clockwise whereas the lower one (Y<0.5) is counterclockwise. Positions of the centres of these two vortex have been identified. The upper one is located at (0.62, 0.84, 0) while the lower one is at (0.70, 0.14, 0). This is also in agreement with previous results given by some experimental studies available in the literature [START_REF] Eulalie | Etude aérodynamique et contrôle de la traînée sur un corps de Ahmed à culot droit[END_REF][START_REF] Lahaye | Caractérisation de l'écoulement autour d'un corps d'Ahmed à culot droit[END_REF]. Overall, these preliminary results validate our experimental set-up, our flow topology being in line with the state of the art for similar experimental conditions.

Regarding the turbulent kinetic energy and the Reynolds shear stresses, our results are presented on Figure 3c and3d, respectively (Z=0). On the one way, they point out that the highest levels of turbulent kinetic energy are found in the upper shear layer, the maximum been reached at (1, 0.8, 0). This upper shear layer tends to be more intense compared to the lower one. This is probably due to the ground clearance which is larger compared to the literature [START_REF] Barros | Wake and manipulation of a bluff body using fluidic forcing[END_REF]. On the other way, the Reynolds shear stresses are almost symmetrical (in magnitude) with respect to y/H=Y=0.5. Results: PNC

In this section, PNC in the wake of the squareback Ahmed body are presented. Mean data provided by the ELPI (𝐶 , ) have been divided by the maximum concentration (Cmax) measured at the exit of the tailpipe. Cmax is about 7.10 7 part/cm 3 . Furthermore, the ambient level of the concentration (~10 2 to ~10 4 part/cm 3 ) has been subtracted to the data. So, 𝐶 , * = , .

Figure 4 are 2D vertical maps corresponding to plans defined by Z=-0.31 (Figure 4a), Z=0 (Figure 4b) and Z=+0.31 (Figure 4c). Note that the boundary of the recirculation region is plotted with black dotted lines for information. Each measurement position is marked with a black spot.

Figure 4a shows that the highest PNC levels are found in the tailpipe axis. At a distance X=~0.60, PNC levels are about one third of those measured at the emission point. Regions of high PNC are observed over roughly the total height of the car model. Farther downstream, we notice a downwards deviation trend. Overall, this behaviour is imposed by the flow topology and the two counter rotating vortex mentioned in the above section. In the close vicinity of the rear face of the car model, a large part of the UFP ejected from the tailpipe are entrapped by these turbulent structures and sucked upwards. Compared to Figure 4b and Figure 4c, it is obvious that the highest PNC are measured for Z=-0.31, that is in line with the tailpipe. In the symmetry plan (Figure 4b), PNC are 10 times lower than the maximum. For this PNC field, results indicate a certain homogeneity over the whole height of the car model. One more time, the topology of the flow explains this results as a toric structure has been observed in the close wake. In the opposite plan (Figure 4c), PNC levels are lower even if particles are still carried in the horizontal direction. We also note that results for Z=0 and Z=0.31 tend to be to be symmetric with respect to Y=0.5.

In order to get a better description of the horizontal mixing, Figure 5 correspond to 2D horizontal maps of the PNC in 3 horizontal planes: Y=-0.04 (tailpipe level, Figure 5a), Y=0.33 (within the recirculation region, Figure 5b) and Y=0.70 (within the recirculation region, Figure 5c).

At the tailpipe level (Figure 5a), highest levels of found for Z=-0.31 as expected. Up to X~1.5, the PNC field is not symmetric as most of the UFP are located in the same half width of the tailpipe. At this relative height above the ground, the recirculation region is not yet effective. By moving in the upper section (Figure 5b), we penetrate into the recirculation region. Contrary to the previous situation, the horizontal mixing occurs and the symmetry in the PNC field is obvious. Even if the highest levels of PNC are still measured in the side of the tailpipe for X<2, the PNC field becomes symmetric farther. One more time, this is due to the flow topology as we reach the recirculation region at Y=0.33. The same behaviour is observed on Figure 5c (Y=0.70) as we are still in this recirculation region. This figure proves that as we move farther downstream of the car model, the distribution of the UFP become more and more homogeneous and symmetric with respect to Z=0.

To go further ahead in the analysis, a diffusion coefficient (Dy) has been assessed in the vicinity of the car model in the vertical direction. Assuming a permanent and 2D flow, a constant velocity U0, ≪ and a constant diffusion coefficient, then the following diffusion equation governing the concentration should be satisfied:

𝜕 𝐶 𝜕𝑦 = 𝑈 𝐷 𝜕𝐶 𝜕𝑥
According to the previous hypothesis, [START_REF] Chanson | Air bubble entrainment in free-surface turbulent shear flows[END_REF] gave the following solution:

𝐶(𝑦) = 𝐶 * exp - 1 4 𝑈 𝐷

𝑦 -𝑦 𝑥

Based on our experimental data, 𝐶 and 𝑦 are easily known. Then, using a linear regression, the diffusion coefficient 𝐷 has been assessed with an excellent level of accuracy (𝑟 > 0.9). For this configuration, that is the squareback model, Dy has been determined for each dimensionless positions X and for Z=-0.31, 0 and 0.31. Our results show that 𝐷 is roughly constant for 0.5<X*<7 and for Z=-0.31, 0 and 0.31 with an averaged value of 2.1*10 -2 m 2 /s. This tends to indicate that this model is robust and able to provide an interesting information that can be used for numerical modelling. In the z-direction, it was more difficult to assess a diffusion coefficient Dz even if a comparable magnitude is suggested (Dz~1,67*10 -2 m 2 /s). Nevertheless, the dispersion of the data is larger and this result must be considered carefully.

Conclusions and future works

In the present paper, our interest was focused on the UFP dispersion in the wake of a squareback Ahmed body. Experimental investigations have been conducted in an open wind tunnel. First, the flow topology was characterized using a 2D LDV system. We pointed out that a recirculation region develops which has a length of 1.39H. Two counter rotating vortex developing in the close wake of the car model have been identified as well as some turbulent properties of the turbulent flow field. The dispersion of UFP has been characterized using a PALAS (particle generator) combined with an ELPI (Particle counter) for PNC measurements. We have been able to provide 2D and 3D maps of PNC in the wake of the Ahmed body. Our results indicate that the particle concentrations are strongly related to the flow topology. Particularly, the recirculation is able to suck particles and disperse them in both vertical and transversal directions. Using a simplified 2D diffusion equation, a diffusion coefficient (Dy) was deduced which value is about 2.1*10 -2 m 2 /s.

In the future, we aim at investigating the interaction between two car models with different rear slant angles. Influence of distances between vehicles, ground clearance as well as bed roughness on particle dispersion are also interesting topics that should be studied. These experimental investigations will also serve as a tool to calibrate numerical models and to corroborate/explain embedded measurements. Indeed, in the last couple of years, we have collected different sets of data from on-board measurements in the context of a research project funded by ADEME.
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 1 Figure 1: Sketch of the Ahmed body and axis (=0°)

  acquisitions have been recorded of a period of 10s. Out of the boundary layer, measurements have been done at 780 positions. Data were analyzed according to a new and original method based on a filtering technique described by[START_REF] Rodriguez | Etude expérimentale de la dispersion de particules ultrafines dans le sillage de modèles simplifies de véhicules automobiles[END_REF] and[START_REF] Rodriguez | Experimental study of the wake flow behind three road vehicle models, 23ème Congrès Français de Mécanique[END_REF]Rodriguez et al. ( , 2018a-b)-b).
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 456 Figure 4: 2D vertical map of dimensionless PNC in different planes. (a) Z=-0.31 (tailpipe plan), (b) Z=0 (symmetry axis) and (c) Z=+0.31 (opposite side of the tailpipe)
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