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Within the past decays, CFD is not only used as a complement to experimental measurements (high Reynolds number, flight conditions, model deformation, flow laminarity…) but also used to investigate the effect of wind tunnel walls and supports onto the flow field and the aerodynamic coefficients. Today the increasing complexity of experimental set up tends to push the model size very close to the limit of wind tunnel test sections acceptance. Numerical results integrating the geometry of the wind tunnel can be used to develop new correction models for the wind tunnel measurements. The use of CFD simulations prior experimental campaign has also become very common in order to obtain an overview of the flow field and identify pertinent location of the measurements. Numerical wind tunnels can be also used to improve the flow quality and facilitate the integration of modern measurement techniques. However the development of numerical wind tunnels requires new CFD methods enabling a rapid calculation of detailed wind tunnel features coupled with the exploration of multiple design parameters.

This paper will present an initial effort made to simulate the L1 wind tunnel for various configurations.

The L1 facility at ONERA Lille is a low speed wind tunnel used for a wide variety of study from industrial to research projects. The wind tunnel can accommodate a large panel of measurement techniques from conventional forces and moments to optical based measurements. The wind tunnel can be used either with a closed or an open test section which makes the facility highly versatile. The wind tunnel is also equipped with a 3-degree-of-freedom traverse system located downstream the test section within the diffuser, to measure the flow field within the test section.

The aim of this work is to investigate the capability of RANS calculations to replicate the impact of the traverse system location over the empty test section flowfield. The simulations are carried using two CFD methods based on hybrid meshing and immersed boundary methods (IBM). The CFD results will be compared with experimental database including wall static pressure measurements, static and total pressure measurements within the test section and velocity measurements based on hot wire anemometry.

Facility

The L1 facility is a closed loop wind tunnel with a circular test section of 2.4 m diameter and 2.4 m long (Figure 1). The flow is driven by a fan powered by a 650 kW DC electric engine. The wind tunnel occupies a 27 m long and 14 m wide hall encapsulating a 13 m height circular vault. The experimental chamber (inner part of the building) is 16m long and 8 m wide. The inlet diameter of the wind tunnel convergent is equal to 6.50 m with a contraction coefficient of 4.31. A flow treatment section is placed within the convergent with pyramidal honeycombs to align the flow along the streamwise direction (Figure 1).

The wind tunnel can be used either with a closed or an open test section. The closed test section is made with a bespoke dodecagonal section where each face can be used with an opaque or glass panels. The closed test section can also be mounted with a series of walls to simulate the ground or provide a 2D flow (Figure 2a). Aircraft or wing models can be mounted directly on the floor (half model) or with a dedicated support. The tunnel is equipped with external balance coupled with an angle of attack or sideslip motorized system. The open test section is usually used with a motorised support which can provide a rotation of the model around the 3 axis (Euler angles , , and rotation , , ). This set up can perform pitch and yawing oscillations of the model in order to do dynamic measurements (Figure 2b). corrections are computed using simplified potential flow modelling, solved thanks to a singularity distribution and verified using pressure measurement on the wind tunnel walls.

Numerical configuration

The domain of the simulation takes into account the convergent, the dodecagonal test section and the diffuser of the wind tunnel including a simplified geometry of the traverse system (Figure 3). The surface mesh was made using both structured and unstructured blocks. The traverse system was meshed with unstructured cells. Inlet boundary conditions were used at the entrance of the convergent using atmospheric uniform total pressure and temperature. The outlet static pressure was tailored in order to match a velocity of 40 m/s at the centre of the test section.

The two different locations of the traverse system are investigated. These positions correspond to a typical total pressure measurement in the test section (conf1) and a more downstream position of the traverse platform (conf2).

Numerical methods

Two numerical methods are assessed for the simulation of this wind tunnel configuration. The highfidelity CFD code elsA, co-owned by Airbus, Safran and ONERA [1][2] is used as a reference solution.

The code elsA is dedicated to the numerical simulation of the compressible viscous steady and unsteady flows, on three-dimensional structured and unstructured meshes. Its large number of numerical parameters and boundary conditions allows the accurate and robust computations of complex flows. This solver has been validated on a wide range of industrial geometries such as fixed wing, turbomachinery, rotorcraft or wind turbine configurations.

More recently, an immersed boundary method (IBM) has been developed at ONERA using a ghost cell direct forcing approach [3][4]. The method relies on a second-order accurate finite-volume HPC solver called FastS [START_REF] Mary | Flexible Aerodynamic Solver Technology in an HPC environment[END_REF] and Cartesian structured grids which are automatically generated and locally refined around complex geometries. The pre-and post-processing steps for the immersed boundary method are performed in the ONERA Cassiopée package [START_REF] Benoit | Cassiopée: a CFD pre-and post-processing tool[END_REF]. Musker's algebraic wall function is applied within the IBM approach on Cartesian grids to solve high-Reynolds number flows. In addition, the approach has been extended to enable several types of immersed boundary conditions such as injection, outlet or slip wall. FastS contains a solver dedicated to Cartesian grids, on which we rely on to perform IBM simulations. Despite the relatively high cell count obtained by the block-structured Cartesian mesh generation in comparison with a classical body fitted unstructured approach, a dedicated Cartesian solver requires much less memory and CPU time than a structured curvilinear solver and also an unstructured solver. With these ingredients, the immersed boundary method can be seen as a good and efficient compromise between the quality of the solution and how quickly it can be obtained.

Expected results

The simulations will be compared with a large experimental database in order to improve the understanding of the impact of the traverse system location during a test over the flow field (Figure 4). These results will also assess the capability of the immersed boundary method to provide an accurate solution of the flow and establish if they are a suitable candidate for the simulation of the full L1 circuit. 
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 12 Figure 1 Illustration of the L1 wind tunnel view from the top
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 4 Figure 4 Overview of the longitudinal velocity flow field simulated flow field using IBM
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