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This paper presents numerical simulations of flow around the Ahmed body with a 25° slant and equipped with an array of blowing micro-jets. The flow solver used is ISIS-CFD and the turbulence model is IDDES. The goal of this paper is to evaluate the capability of the flow solver to catch the experiments in reducing the aerodynamic drag.

Introduction

Due to environmental issues, automotive manufacturers must search for solution to reduce vehicle consumption, and specifically the drag aerodynamic which is responsible for a large part of the fuel consumption [START_REF] Hucho | Aerodynamics of road vehicles[END_REF]. Several techniques are used to reduce the drag on a bluff body [START_REF] Choi | Control of flow over a bluff body[END_REF] and for automotive flows, various active flow control techniques have been used [START_REF] Aubrun | Separation flow control on a generic ground vehicle using steady microjet arrays[END_REF] including blowing, suction or synthetic jets through slots or holes, plasma actuators. A steady jet through several orifices distributed along a line normal to the freestream flow and located close downstream of the separation line seems to be effective in reattaching the flow, and so a drag reduction.

The generic car model used in this paper is the Ahmed body with the 25° slanted rear end which has a 40% scaling to that of the original body [START_REF] Ahmed | Some salient features of the time-averaged ground vehicle wake[END_REF]. The model is 0.731 m in length (L), 0.202 m in height (H) and 0.272 m in width (W), supported by four cylindrical struts of 20 mm in diameter, see Figure 1. A central cylinder of 40 mm in diameter is also present. The height of the 25° rear slant is h = 0.0657 m. The ground clearance, G, between the model underside and the ground is 50 mm. The actuator array is composed of holes of 0.4 mm in diameter and 5 mm regularly spaced along a line parallel to the sharp edge between the roof and the rear slant, and located at 6 mm downstream of the sharp edge. On this line, 53 holes are present. This geometry has been used in experiments [START_REF] Aubrun | Separation flow control on a generic ground vehicle using steady microjet arrays[END_REF] with a freestream velocity U ∞ = 20 m/s which corresponds to a Reynolds number Re L = 0.97 x 10 6 . The momentum coefficient C  of steady actuation is defined by C  = N j Q j V j / (0.5 U ∞ 2 h W) where N j is the number of jets, Q j the volume of flow rate per hole and V j the velocity of the jet.

Thanks to a new version of Detached Eddy Simulation (DES) model, the Improved Delayed Detached

Eddy Simulation (IDDES) [START_REF] Gritskevich | Development of DDES and IDDES formulations for the k-w shear stress transport model[END_REF], the flow around the Ahmed body, and especially for the slant angle 25°, can be simulated with a good agreement with experimental data [START_REF] Guilmineau | Assessment of hybrid RANS-LES formulations for flow simulation around the Ahmed body[END_REF]. This turbulence model will be used in this paper with ISIS-CFD unstructured finite-volume solver developed by Ecole Centrale de Nantes and CNRS. The computational domain starts 2L in front of the model and extends to 5L behind the model. The computational grid, which contains 65.4 million cells, has a normal resolution y + ≤ 0.15. The geometry is described by 1.4 million faces and each hole is represented by 1880 faces.

Results and discussion

The first step is to study the natural flow, C  =0.0%, around the Ahmed body in order to compare the flow modifications created by the micro-jets. The second step, a momentum coefficient C  =1.041% is used.

Figure 2 presents the streamlines and the non dimensional magnitude of time-averaged velocity in the vertical plane which is the symmetry of the model for two momentum coefficients C  .

Figure 3 shows the friction lines on the rear window for both values of C  . For the baseline configuration, the three-dimensional recirculation bubble is predicted, see Figures 2(a) and 3(a). The size of this bubble is smaller than that observed by [START_REF] Guilmineau | Assessment of hybrid RANS-LES formulations for flow simulation around the Ahmed body[END_REF] at higher Reynolds number. The shape of this bubble is elliptic and its maximum length is located on the symmetry plane of the model. We observe the signatures of two trailing vortices, called C-pillars, at both sides of the rear corners of the rear window, see Figure 3(a). These vortices are also visible in Figure 4(a).

For the momentum coefficient C  = 1,041%, the separation bubble is totally suppressed on the rear window, see Figures 2(b) and 3(b). A small recirculation exists just after the jet. However, the two trailing vortices generated above the edges of the rear window are always present, see Figures 3(b) and 4(b). This means that these two vortical structures are almost not modified by the actuators. This results is in agreement with [START_REF] Thacker | Effects of suppressing the 3D separation on the rear slant on the flow structures around the Ahmed body[END_REF] which showed that the suppression of the separation bubble on the same geometry but by rounding the edge between the roof and the rear window did not modify the properties of the trailing vortices. The main differences of the flow between both cases are presented in Figure 4(c). The velocity in the C-pillars for the controlled flow is higher than that for the base flow.

As the separation bubble is not present, the velocity is higher in the area of the symmetry plane of the model. The centers of the vortical structures, see Figure 5, are positioned farther from the base flow. 
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 421 Figure 4 presents the streamwise velocity in a plane located at X/H = 0.5 in the wake of the model.
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 2 Figure 2: Contours of dimensionless time-averaged velocity in the symmetry plane of the model for (a) the base flow and (b) controlled flow (C  = 0.041%).
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 533 Figure5presents the streamlines and the non dimensional velocity in the near wake of the model.
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 4 Figure 4: Streamwise velocity in a plane X/H = 0.5 for (a) the base flow and (b) controlled flow (C  . = .041%), and (c) difference between controlled and base flow.
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 5 Figure 5: Contours of dimensionless time-averaged velocity in the symmetry plane of the model in the near wake for (a) the base flow and (b) controlled flow (C  = 0.041%).

Table 1 :

 1 Drag coefficient, Cd, is presented in Table1. The agreement with the experimental data is good. The difference is less than 1.5% for the base flow. These numerical values are higher than the ones measured by Ahmed et al. These is probably due to the different feet height-to-model height ratio. For the controlled flow, the drag decreases as in experiments. However, this reduction is less significant in numerics, Cd = 7.1% than in experiments Cd = 8.1%. Drag coefficients for the base flow and controlled flow (C  = 1.041%).

	C  [%]	Numerics	Experiments [3]
	0.000	0.440	0.434
	1.041	0.409	0.397