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Motivation ‘#7
DLR

» Simplifying lives of
Computational Fluid Dynamics
(CFD) engineers is part of the
reason we're here at the AMR25

* |n industry, we like to save not only
computational, but also human effort

* Need to become an expert with
meshing software?

= Need to use mesh generator
repeatedly?

= Need to estimate mesh influence onto
results?
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Geometry-adapted — ‘#7
DLR

» For 2" order finite volumes, we use linear meshes This was 2D, but to become
ready for industry, we have
* We need the correct geometry to handle 3D geometries

You don‘t want to compute a polygon

NASA Common Research Model, 3-element airfoil (2D)

Naive approach With geometry preservation
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— with cell stack preservation

* \We have boundary layer meshes in
CFD, that is, very flat cells near the

walls

» Required node projection overtakes
multiple tens of layers of initial mesh

* The linear volume mesh deformation
solver cannot handle it well, leading to
self-intersecting cells

* You don‘t want to ruin your mesh when
deforming it
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— with cell stack preservation A#y
DLR

* \We have boundary layer meshes in
CFD, that is, very flat cells near the

walls

» Required node projection overtakes
multiple tens of layers of initial mesh

* The linear volume mesh deformation cell stacks to
solver cannot handle it well, leading to the rescue!
self-intersecting cells

* You don‘t want to ruin your mesh when
deforming it

M. Hochel (DLR), AMR25 conference, Sept 3rd 2025




FIOWSImulator HPC simulation environment
DLR

CODA

Next generation CFD
solver developed by DLR,
ONERA and Airbus*

FSMeshDeformation

Based on elastic analogy, well-suited to
CFD and multi-disciplinary applications

FSAdaptationNG

Hierarchical mesh refinement

v In-memory process chains by putting FS-

plug-ins together FSOCCT

v Completely MPI-parallel CAD-in-the-loop
(or up to three levels hybrid) integration

*CODA is the computational fluid dynamics (CFD) software being developed as part of a collaboration between the French Aerospace Lab ONERA, the German Aerospace Center (DLR), Airbus, and their European research partners. CODA is jointly owned by ONERA, DLR and Airbus.
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FSOCCT #
CAD-in-the-loop Integration DLR

» Based on open source CAD kernel
OpenCascade Technology
(0CCT)

» Forwards some OCCT functionality
(geometry handling)

» Use of existing CAD models In
IGES/STEP format

» Adds new functionality, in
particular a Mesh-to-CAD

mapping

4

Complex aircraft geometry (DLR-F25) with mesh mapped by FSOCCT
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Mesh-to-CAD Mapping strategy 4#7
DLR

= Combine (even ,unrelated”) CAD
geometry and mesh seamlessly
Might require initial projection of mesh
onto the geometry
» Use metadata, If available
Face/edge/vertex labels of CAD
model/mesh groups

» Hierarchical association between
CAD patches (faces, edges, vertices)
and mesh (groups, cells, nodes)

vertex 1-2-3 group 1

edge 1-2 47

= Search algorithm for missing
metadata (distance-based)

* Proven to works for complex 3D
geometries oz ¥
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FSAdaptationNG ‘#7
AMR In the FlowSimulator DLR

» FSAdaptationNG performs an AMR of the following type:
= volume cell-driven hierarchical nonconforming for a fully unstructured mesh storage
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Cell stacks feature of FSAdaptationNG

» Anisotropic boundary layers (BL)
cells, growing along stacks

* Necessitates special numerical
treatments in flow solvers, e.g.,
geometric multigrid, lines inversion
—AMR should maintain stack
structures

* Having hanging nodes in the BL can
complicate the solver's life

= Cell stacks are a robust solution to
AMR with BL meshes

= Stack height determined based on
potential geometry projection
distance, using FSOCCT
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Cell stacks feature of FSAdaptationNG ‘#7
DLR

» Anisotropic boundary layers (BL)
cells, growing along stacks X

* Necessitates special numerical
treatments in flow solvers, e.g.,
geometric multigrid, lines inversion
—AMR should maintain stack AW Ce
structures

* Having hanging nodes in the BL can
complicate the solver's life

= Cell stacks are a robust solution to
AMR with BL meshes

= Stack height determined based on
potential geometry projection
distance, using FSOCCT
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Results 4#7
Transonic flow over ONERA M6 wing DLR

= |[ssues | have not resolved so far

* New nodes are moved onto the
,Lrue” surface (even though the
CAD geometry and mesh were
created independently [1, 2])

= However, the mesh deformation
does not work, yet
» Falils after 2nd adaptation step
» Unexpected, considering it worked

) CADID
well in 2D : -1.0e+00 5 1.0e+01

Simple wing geometry (ONERA M6, Ma=0.84, Re=14.6 Mio.), after three iterations,
using pressure jump indicator for testing
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Results 4#7
Transonic flow over ONERA M6 wing DLR

= |[ssues | have not resolved so far =

* New nodes are moved onto the
Jrue” surface (even though the
CAD geometry and mesh were
created independently [1, 2])

= However, the mesh deformation
does not work, yet

» Fails after 2nd adaptation step
» Unexpected, considering it worked AUID
well in 2D -1.0e+00 5 1.0e+01

Simple wing geometry (ONERA M6, Ma:O.84, Re=14.6 Mio.), after three iterations,
using pressure jump indicator for testing
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Alternative mesh deformation approaches (if necessary) ‘#7
From the world of FlowSimulator DLR

\

= Split displacement into multiple +
Increments

» Deform non-linearly

FSMeshDeformation provides non-linear
elasticity, but | have not tried non-
standard settings, so far

= Deform based on radial basis
functions

= TAU adaptation approach: avoid
volume mesh deformation, and
compute new node coordinates by
interpolating old coordinates along
the stack

P 1 Py

new points
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Summary & Outlook

= Attempt to bring AMR closer to the industry,
where complex 3D geometries are common

= CODA — FSAdaptationNG — FSOCCT parts
work fine

= Boundary layer (BL) meshes in 3D
challenge us after the 2"d refinement
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Summary & Outlook

= Attempt to bring AMR closer to the industry,
where complex 3D geometries are common

= CODA — FSAdaptationNG — FSOCCT parts
work fine

= Boundary layer (BL) meshes in 3D
challenge us after the 2" refinement

Next steps:
» Fix deformation part

= Apply to more complex 3D geometries
(aircrafts)

We have the mesh-to-CAD mapping already

» Restrict to tangential refinement in BL mesh
(finish anisotropic refinement)
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Sources ‘#7
DLR

[1] https://turbmodels.larc.nasa.gov/onerawingnumerics_val.html

[2] https://turbmodels.larc.nasa.gov/onerawingnumerics _grids.html
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