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Introduction

In hydraulic turbomachinery, design optimization of blades to improve performances is an important issue. The conventional blade design and production process could be described in three steps. First, a Computer-Aided Design (CAD) modeling is done based on Computational Fluid Dynamics (CFD) simulations. Then, the tool path is computed, using Computer-Aided Manufacturing (CAM) software. Finally, blades are machined on 3 or 5-axis machine tool. The expected hydraulic performances are computed using zero defect CAD models and software [START_REF] Ferrando | Surface parameterization and optimum design methodology for hydraulic turbines[END_REF]. On another hand, blade functional surfaces are made of freeform surfaces, obtained by high added value machining operations, like 5-axis milling. As machining constraints are not taken into account in the design step, difficulties come in the tool path computation and tool path interpolation [START_REF] Pechard | Geometrical deviations versus smoothness in 5-axis flank milling[END_REF] and, in the end, hydraulic performances are not those expected. In this paper, a new approach is proposed to design hydraulic blades based on machining considerations and applied to guide vane design.

Main Idea

In order to avoid geometrical deviations between machined blades and the CAD model, the proposed approach consists in taking into account machining constraints at a very early stage in the CAD modeling. In the proposed paradigm, the machining tool path is placed on the heart of the design process [START_REF] Duc | A new concept for the design and the manufacturing of free-form surfaces: the machining surface[END_REF]. The polynomial machining tool path is computed so that the machined blade, not the CAD model, is optimum with respect to the hydraulic performances. Then, the optimization validates the surface geometry resulting from a machining simulation (Z-buffer simulation) and CAD model is the 3D representation of this simulation. Manufacturing is easier, faster, geometric quality and perceived quality are improved and hydraulic performance should meet expectations.

The proposed work focuses on the comparison between the standard optimization process, called "Design", and the proposed approach called "Toolpath" based on the polynomial description of the tool trajectory using flank milling. Those two methods will be developed on a 2D study case: the geometric optimization of a guide vane cascade, one of the turbine parts which convert hydraulic power to electric power. The purpose of this article is to find out if performances obtained with a classic optimization (Design) and with machining constraints based optimization (Toolpath) are comparable.

The optimization process used here can be decomposed in four stages. The first stage consists in defining a parametric model of the guide vane (Design model) or of the tool trajectory during milling (Toolpath model), e.g. Fig. 1..

Fig. 1: Design and Toolpath models

In order to describe a blade geometry, several researches has looking for coherent methods [START_REF] Koini | A software tool for parametric design of turbomachinery blades[END_REF]. The choice made here is to describe the planar geometry of a blade by a camber line, a suction side and a pressure side. Those three curves are modeled with Bspline curves. In the Toolpath model, it is the tool center trajectory which is described; then, the blade geometry is deduced using a discrete inversed offset method. Machining constraints like continuity or curve order are introduced to only describe geometries, which can be machined on a standard numerical controller. The difficulty is to determine how many parameters are needed to lead to a correct model, knowing that with an important number of parameters, more complex geometries can be described. On another hand, the optimization stage is longer, because of the bigger number of input parameters.

The next stage is to define a computation domain and to develop a meshing strategy. As we are in an optimization process, a lot of computation are needed, each one with a different set of parameters. The point here is to develop a replay script which can automatically mesh all the geometries created and build a computational domain smaller as possible. Indeed, smaller the domain is, faster the computations are. So, the replay script has to adapt the mesh with the different values of the parameters and to use symmetries to reduce the domain. It leads to the definition of the "Inter Blade Channel", which is the smaller domain possible to describe the entire guide vane cascade geometry (topology and mesh for this channel are described on Fig. 2.). To control efficiently the mesh, structured mesh strategy is used. The third step is to run CFD simulation on the mesh created to determine the guide vane cascade hydraulic characteristics. Values such as "Angular Momentum" (AM, which is helpful to define hydraulic power) or "Head Losses" (HL, which helps to estimate energy losses in the guide vane cascade) are computed. A study on the computation convergence is done here to find out if mesh quality is great enough during numerical simulations.

Finally, the last step is to find the optimal geometry. We want to find the geometry which leads to a given value of AM, with a minimal value of HL. Two methods are used, parameterized and compared here: Genetics Algorithms (GA) and Kriging [START_REF] Matheron | Traité de géostatistique appliquée, Tome II : Le krigeage[END_REF]. GAs give good results, but computational times rise to unacceptable values when the number of parameters becomes too high. This is why Kriging is envisaged. This interpolation method needs fewer computations than GAs for a high number of input parameters, and leads to great results when it is correctly done.

Conclusions

In the end, this study shows that Design and Toolpath models lead to similar optimal solutions in term of hydraulic performances. Moreover, with our approach based on machining constraints integration in design process, CAD models of blades match in a better way with machined blades. Taking into account of the results obtained here, a study based on the same principle will be done with 3D geometries, considering blades with non-developable surfaces, like hydraulic runner.
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 2 Fig. 2: Inter Blade Channel structured topology and mesh