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Introduction

The external aerodynamics of a car determines many relevant aspects of an automobile such as stability, comfort and fuel consumption at high cruising speeds. The flow around vehicles is characterized by highly turbulent and three-dimensional separations, and there is a growing need for more insight into the physical features of these dynamical flows on one hand, and powerful numerical tools to analyze them on the other hand. A classic geometry is the so-called Ahmed body, which is a very simple bluff body [START_REF] Ahmed | Some salient features of the time-averaged ground vehicle wake[END_REF], and for which the drag depends dramatically on the slant angle of the rear end. Detailed experiments for the slant angles 25 • and 35 • have been performed [START_REF] Lienhart | Flow and turbulence in the wake of a simplified car model[END_REF]. Numerous attempts to compute this flow by Reynolds-Averaged Navier-Stokes (RANS) approaches or unsteady RANS approaches have been presented. Comparisons with experiments show a relatively good agreement for the slant angle 35 • while for the slant angle 25 • , the flow computed does not match the experimental results. Large Eddy Simulation (LES) provides a best agreement with the experimental data, but for a lower Reynolds number because a spatial resolution could not be obtained for the experimental Reynolds number [START_REF] Krajnovic | Flow around a simplified car -part 1: Large eddy simulation[END_REF]. A Detached Eddy Simulation (DES), with a CPU cost lower than a LES computation, gives an improvement of the flow prediction than a RANS simulation, but the agreement is not perfect [START_REF] Menter | Adaptation of eddy-viscosity turbulence models to unsteady separated flow behind vehicles[END_REF]. Recently, several variants of the DES model, like Improved Delayed DES (IDDES), have been proposed [START_REF] Gritskevich | Development of DDES and IDDES formulations for the k-ω shear stress transport model[END_REF]. These models are implemented in the ISIS-CFD unstructured finite-volume solver and will be validated in this paper with the Ahmed body test case. Two slant angles of the Ahmed body are investigated: 25 • and 35 • . The Reynolds number, based on the length of the model, L, and the upstream velocity, is Re = 2.78×10 6 . The computational domain starts 2×L in front of the model and extends to 5×L behind the model. The computational grid, which contains 23.6 million nodes for the slant angle 25 • and 22.7 million nodes for the slant angle 35 • , has a wall normal resolution y + ≤ 0.75, ∆s + ≤ 250 in the streamwise direction and ∆l + ≤ 180 in the direction parallel to the surface body and normal to the streamwise direction. A comparison of the drag coefficient is given in Table 1. With the RANS model, the drag value is lower than the value obtained with the hybrid RANS-LES models. 

Results

35 • slant angle

25 • slant angle

Figure 4 presents the skin friction lines on the Ahmed body. As for the 35 • slant angle, the flow separates at the end of the front and at the beginning of the slides. These observations have also been noted by Krajnović and Davidson [START_REF] Krajnovic | Flow around a simplified car -part 2: Understanding the flow[END_REF] but for a lower Reynolds number, Re = 7.2×10 5 . Sims-Williams and Dominy [START_REF] Sims-Wiliams | Experimental investigation into unsteadiness and instability in passenger car aerodynamics[END_REF], experimentally, used oil-film visualization to visualize the regions of the recirculating flows on the lateral sides and the roof of the body for a Reynolds number of 6.2×10 5 . On the slant of the body, the patterns of the flow depends on the turbulence model used. With the hybrid RANS-LES models, a recirculation bubble is present on the slant. Figure 5 shows the streamlines in the symmetry plane for all turbulence models. With the EARSM turbulence model, a massive separation is predicted on the slant of the model and the near wake separation behind the base of the model is very large. With the DES model, the separation is predicted on the slant but it is located on the slant, and the topology of the separation in the near wake is similar to that measured by experiments. With the DES approach, the reattachment of the separation is located at the end of the slant, namely X R = Comparisons of the velocity profiles with measurements [START_REF] Lienhart | Flow and turbulence in the wake of a simplified car model[END_REF] in the symmetry plane are presented in Figure 6. Figure 6(a) shows the streamwise velocity profiles on the end of the roof and on the slant while Figure 6(b) shows the velocity in the wake. As expected by the previous figures, the agreement with experiments on the slant is not good for the results obtained with the EARSM turbulence model. The DES approaches provide a good estimation of the boundary layer thickness, at the end of the roof. However, with IDDES model, the boundary layer becomes less thick than that obtained with the other DES models and this evolution of the boundary layer is so in better agreement with experiments. In the wake, all DES models give similar results which are in good agreement with experiments. As the EARSM turbulence model predicts a massive separation, even in the wake, the agreement with the experiments is not good. 2. The calculation of the drag induced by the flow over the body is only off by 0.5% with IDDES. With the DES approach, the drag coefficient is over-estimated while with the EARSM turbulence model, the drag is very underestimated, this is related to the huge recirculation zone. 

Conclusions

An investigation of RANS and hybrid RANS-LES models for the Ahmed boy at 25 • and 35 • slant angles has been conducted. It has been shown that the use of a hybrid RANS-LES model, in particular the IDDES model, offers an advantage over RANS models in terms of the drag and general flow field, even for the 25 • test case where the reattachment of the flow is correctly predicted. The flow separates on the lateral sides and the roof of the body only with the IDDES model. Only the IDDES approach predicts correctly the flow for both slant angles.

Figure 1

 1 Figure 1 presents the skin friction lines on the Ahmed body with the 35 • slant angle. With the hybrid RANS-LES models, a separation is predicted at the end of the slant. With the IDDES approach, the flow separates at the front end and on the beginning of the sides of the body.
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 1 Figure 1: 35 • : Skin Friction Lines on the model
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 2 Figure 2: 35 • : Streamlines in the symmetry plane
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 3 Figure 3: 35 • : Comparison of the streamwise velocity component in the symmetry plane
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 4 Figure 4: 25 • : Skin Friction Lines on the model
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 5 Figure 5: 25 • : Streamlines and velocity magnitude in the symmetry plane

  (a) On the rear slant (b) In the wake
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 6 Figure 6: 25 • : Comparison of the streamwise velocity component in the symmetry plane

Table 1 :

 1 35 • : Comparison of drag coefficient, Cd

	Force EARSM DES IDDES Experiments
	Cd	0.260	0.316	0.355	n.a.

Table 2 :

 2 25 • : Comparison of drag coefficient, Cd Force EARSM DES IDDES Experiments[START_REF] Thacker | Contribution expérimentale à l'analyse stationnaire et instationnaire de l'écoulement à l'arrière d'un corps de faible allongement[END_REF] 

	Cd	0.280	0.437	0.382	0.384