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Abstract

The paper presents a review of aerofoil optimisation activities at the Zurich University of Applied Sciences by using high-
fidelity gradient-based tools. Two optimisation chains have been applied in research projects with industrial partners in
a wide range of fields including wind energy systems, motorsport, and aeronautical engineering.

ADflow, an open-source Reynolds-averaged-Navier-Stokes (RANS) CFD solver including discrete adjoint method [1], was
used in the first optimization chain, in which RANS equations are solved on structured multiblock and overset grids. The
aerofoil geometry was parameterised by using free-form deformation (FFD) application. The optimisation studies were
carried out using the open-source framework OpenMDAO [2] developed by NASA. It allows to write components
describing a certain part of a system and manages its interaction with other systems. OpenMDAO is particularly useful
for efficiently computing derivatives across computational models, which we relied on in this work for gradient-based
design optimisation. The Spalart—Allmaras turbulence model [3] was used in the first optimisation process.

The second optimisation process was driven by the commercial finite-volume CFD solver ANSYS Fluent with the same
mesh topology. To compute the derivates of an observation of the flow surrounding the aerofoils, the discrete adjoint
approach was adopted in ANSYS Fluent with the aim of providing shape-sensitivity data in the present applications. The
problem of shape parameterization of entire aerofoils is therefore reduced to a problem of the parameterization of
changes in the aerofoil shape. In the mesh morphing process, the designated deformation regions of used structured
mesh were manipulated via displacements applied a set of control points. The user-defined motions that result in the
displacements of the control points (each involving a parameter value and other directional settings) were then applied
to the mesh as a smooth deformation by using the tensor product of Bernstein polynomials. A generalized k-w two-
equation (GEKO) turbulence model [4] implemented in ANSYS was used in this optimisation process.

To validate the 2D numerical results, experimental test campaigns were conducted in different subsonic wind tunnels
in Switzerland, like the large subsonic wind tunnel of the Federal Institute of Technology in Zurich, and the Automotive
Wind Tunnel Emmen at RUAG. 2D drag measurements were carried out by measuring the accurate velocity profiles
downstream of the model using Constant Temperature Anemometry (CTA).
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For the sake of publishing the applications without showing confidential information, some independent optimisation
benchmarking cases with similar objectives and constraints are studied in this paper. The paper gives a brief description
of both optimisation chains, followed by the optimisation setups of the selected case studies, and by discussions based
on the numerical and experimental data.

The goal of the present paper is to demonstrate the versatility and usefulness of the two high-fidelity gradient-based
methods used at ZHAW for aerofoil design. While most of the aforementioned tools were developed and implemented
previously, this paper is more related to application and analysis, addressing common concerns of gradient-based
optimisation approach and provides practical suggestions to the aerofoil designers applying both optimisation
processes.
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