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A recent talk by Loehner at an AIAA meeting [1] finally addressed the elephant in the
room pointing out that the dream of overnight industrial CFD simulations is still out
of our reach, regardless of the available computing power or the numerical method employed. Our attempt to tackle this deficiency employs an iterative, adaptive, stabilized
finite elements method, which we call Direct FEM Simulation (DFS), that generates a
sequence of adapted meshes aimed at reducing the error on a cost functional of interest,
usually a time average of some aerodynamic coefficient [2]. The underlying idea is to
reduce the needed computation to the minimum amount that is sufficient to accurately
approximate output quantities from a given setup. The key components are the aforementioned mesh adaptive procedure, which optimizes spatial discretisation costs, and the
use of slip boundary conditions, that save on the cost of boundary-layer resolution. On
the software side, we use FEniCS-HPC as a finite elements framework, which has proven
records of parallel scalability on up to the order of ten thousand cores, and a high-level
mathematical formulation in UFL language which is then source-to-source compiled to
highly optimized C++ code [6]. The result of this combination is a high performance
computing toolkit able to approximate aerodynamic forces on real-world cases in a matter of hours or days, as opposed to weeks. In this regard, we present a notable application
from the industrial realm such as our recent contribution to NASA’s 3rd AIAA CFD
High Lift Prediction Workshop (HiLiftPW-3) [3] [5] involving adaptive, time-dependent
simulations of a full aircraft (NASA’s Common Research Model - CRM) approximating
both aerodynamic forces and relevant flow features. We will also discuss our very recent
contribution to the 5th International Workshop on High-Order CFD Methods [4] where
our methodology proved to be able to yield high-order approximations of relevant target
quantities.
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