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We present the adaptive time-resolved Direct FEM Solution (DFS) methodology with numerical

tripping, as a predictive, parameter-free family of methods for turbulent flow. We solved the JAXA
Standard Model (JSM) aircraft model at realistic Reynolds number, presented as part of the High
Lift Prediction Workshop 3. We predicted lift Cl within 5% error vs. experiment, drag Cd within
10% error and stall 1◦ within the angle of attack. The workshop identified a likely experimental error
of order 10% for the drag results. The simulation is 10 times faster and cheaper when compared
to traditional or existing CFD approaches. The efficiency mainly comes from the slip boundary
condition that allows coarse meshes near walls, goal-oriented adaptive error control that refines
the mesh only where needed and large time steps using a Schur-type fixed-point iteration method,
without compromising the accuracy of the simulation results.

As a follow-up, we were invited to the Fifth High Order CFD Workshop, where the approach
was validated for a tandem sphere problem (low Reynolds number turbulent flow) wherein a second
sphere is placed a certain distance downstream from a first sphere. The results capture the expected
slipstream phenomenon, with appx. 2% error. A comparison with the higher-order frameworks PyFR
was done. The PyFR framework has demonstrated high effectiveness for GPUs with an unstructured
mesh, which is a hard problem in this field.

We also presented a generalization of DFS to variable density and validated against the well-
established MARIN benchmark problem. The results show good agreement with experimental results
in the form of pressure sensors. Later, we used this methodology to solve two applications in multi-
phase flow problems. One has to do with a flash rainwater storage tank (Bilbao water consortium),
and the second is about designing a nozzle for 3D printing. In the flash rainwater storage tank,
we predicted that the water height in the tank has a significant influence on how the flow behaves
downstream of the tank door (valve). For the 3D printing, we developed an efficient design with the
focused jet flow to prevent oxidation and heating at the tip of the nozzle during a melting process.

Finally, we presented here the parallelism on multiple GPUs and the embedded system Kalray ar-
chitecture. Almost all supercomputers today have heterogeneous architectures, such as CPU+GPU
or other accelerators, and it is, therefore, essential to develop computational frameworks to take
advantage of them. For multiple GPUs, we developed a stencil computation, applied to geological
folds simulation. We explored halo computation and used CUDA streams to optimize computation
and communication time. The resulting performance gain was 23% for four GPUs with Fermi archi-
tecture, and the corresponding improvement obtained on four Kepler GPUs was 47%. The Kalray
architecture is designed to have low energy consumption. Here we tested the Jacobi method with
different communication strategies.Additionally, visualization is a crucial area when we do scientific
simulations. We developed an automated visualization framework, where we could see that task
parallelization is more than 10 times faster than data parallelization. We have also used our DFS in
the cloud computing setting to validate the simulation against the local cluster simulation.
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