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Is SEM suitable for complex geometries? 

Advantages

● High-Order Accuracy

○ Smooth solutions

○ Superior precision per degree of freedom 

● Low Numerical Dispersion

○  Highly effective for wave propagation problems

● Curved physical boundaries

● Computational Efficiency

○ Gauss-Lobatto-Legendre (GLL) quadrature 

Disadvantages

● Challenging Mesh Generation

● Hexahedral mesh



Sod2d

Spectral high-Order coDe 2 solve partial Differential equations SOD2D
Gasparino et al. (2024)

● Continuous Galerkin spectral-finite element method

● Incompressible and compressible formulations

● Advanced high-order low-dissipation schemes

● Native Fortran accelerated with OpenACC/CUDA

● Matrix-free formulation

SOD2D
https://gitlab.com/bsc_sod2d/sod2d_gitlab



Numerical Model

• High pass filter by O.Lehmkuhl (2026)
• Two point flux scheme by Ranocha (2018) 
• Strong-Stability Preserving Runge-Kutta, explicit
 temporal scheme
• Vreman subgrid-scale model
• Equilibrium wall model by Reichardt (1951)



Mesh Workflow

Full Hexa meshes
● ANSA

○ Initial P2 tetra mesh

● Mesh Elevation SFC partitioning 

Splitting to hexas and Improvement

○ SFC partitioning

○ Splitting to hexas

○ P-elevation

https://docs.google.com/file/d/1JH5-Ih8rKZ2ic1MSDMgoQo6U0Fj1Lup3/preview


Initial simulation

- 144M nodes - 17M elems  - P2
100 hours per time unit - 32 GPU’s

https://docs.google.com/file/d/1LMvuYFhn24_kxhgK9GM9CDlWvdtw4lC6/preview


The quest for an affordable DrivAer 



The Summoning



Mesh Improvements

What are 
these 

low-level 
elements!?!?

dt ~ 1μs



Mesh Improvements

dt ~ 1μs



Mesh Improvements

dt ~ 1μs dt ~ 2μs



Mesh Improvements

dt ~ 1μs dt ~ 2μs dt ~ 3μs



Mesh Improvements

dt ~ 1μs dt ~ 2μs dt ~ 3μs dt ~ 3.5μs



Improved simulation

- 143M nodes - 16.8M elems - P2
32 hours per time unit - 32 GPU’s

https://docs.google.com/file/d/1am5ySXq_Nn4Xg6FPqN_L4ZOk_vUH_qzh/preview


Mesh refinements

5-50 mm 2.5-10 mm



Mesh refinements

Python module: Quick Visualization, 
Analysis and Reporting of SImulations

pyQvarsi



Refined simulation

- 210M nodes - 24.5M elems - P2
48 hours per time unit - 32 GPU’s

https://docs.google.com/file/d/11Ls7LB9OBdEma3Lkn7cgEERKqScy24qF/preview


Refined simulation

● Where are the turbulent structures?

Sod2d Alya (AutoCFD2)

- 210M nodes - 24.5M elems - P2
48 hours per time unit - 32 GPU’s

- 75M nodes - 320M elems - P1
100 hours per time unit - 2300 CPU’s



Refined simulation

● Q sod



Code Implementation: Kernel Optimization

Before

After

Master [ms] Opt. [ms]

Time Step 293 82

Accum 138 3

BCs 24 0.3

Conv. 18 4.4

Diff. 4 3.8

≈ x4 Faster!!!!

By @Jordi Muela
and @Oriol Lehmkuhl



Code Implementation: Near Wall Filtering Behaviour

Dumping mechanism in the first element touching a 
boundary, removing the filtering if the Mossier sensor is 
0.05 or less (above is consider to be a shock touching 
the wall).

Before

After

By @Oriol Lehmkuhl



Mesh + code + filter improvements



Mesh + code + filter improvements

- 690M nodes - 24.5M elems - P3
43 hours per time unit - 32 GPU’s

https://docs.google.com/file/d/16Yycvz5BzocjvQMc7O6rsSz9w_codm-e/preview


Results: Velocity Profiles



Results: Pressure and Aerodynamics Coefficients



Results: Flowfield Measurements



Results: Flowfield Measurements x = 4 m



Results: Flowfield Measurements x = 0.4 m



Results: Flowfield Measurements y = 0 m



Conclusions

● Meshing remains challenging

○ ANSA + MESSI relaxes the meshing constraints

○ Minimal geometric modifications alleviate time-stepping restrictions

○ AMR is essential to properly distribute nodes in the relevant regions

○ Anisotropic layers could further reduce the number of nodes

● Complex geometries remain computationally expensive for LES + SEM

○ Affordable within a fortnight (depending on available resources)

○ Reasonable agreement of velocity profiles, pressure distributions, and flow fields 

with experimental data

○ Accurate prediction of force coefficients



Questions?
samuel.limonchi@bsc.es
oriol.lemhkuhl@bsc.es
samuel.gomez@bsc.es
herbert.owen@bsc.es

Thanks for 
your attention!


