TETRAHEDRON VI

Workshaop on Grid Generation for Numerical Computations
October 9-11, BSC-UPC, Barcelona, 2023

4 A
On CAD non-compliance in

high-order curvilinear meshing
- Y

Kaloyan Kirilov, Jingtian Zhou and Joaquim Peir0
(Imperial College London)

Mashy Green and David Moxey
(Kings College London)

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under the Marie Sktodowska-Curie
grant agreement No 955923.

e :‘" a E c o I D
Sy o wl S akivity Methioux fr Yue Cmlea cod wdusd ol Texgn



Complex geometries and flows

—-low simulation



Meshes are curvilinear because . ..

Complex geometries
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Target simulation
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A posteriori high-order mesh generation
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Linear mesh High-order mesh

S.J. Sherwin and J. Peir6, Mesh generation in curvilinear domains using high-order elements, Int. J. Num. Meth. Eng. 2002.



A posteriori high-order mesh generation

Curving mesh often leads to invalid elements




CAD'’s role in curving a linear mesh
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CAD: The Missing Link

All generators use CAD information to generate a
straight-sided mesh, but some do not provide this
information to the user of the mesh.

This presents two issues:
1. Is the mesh boundary compliant?

2. How do we curve the mesh to be?



Effect of CAD non-compliance

Errors in boundary geometry could have a
significant impact on simulation accuracy.

Pressure oscillations ‘
due to mesh artefacts

Small-scale roughness induces boundary-layer perturbations that destabilize the
separated shear layer and lead to the development of turbulence downstream.

High-order methods are particularly susceptible because perturbations induced by
small-scale geometric imperfections are not attenuated by numerical dissipation.
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Sensitivity of flows to surface imperfections
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Third-party mesh curving redesign
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Recovering the CAD curve information

- Sample coordinates of CAD objects, calculate bounding boxes
and store them in a k-D tree for efficient range search.

* Next steps:

1. Associate vertex to CAD curve

2. Project vertex onto curve
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Note that none of the vertices is “exactly on” the CAD curve.

Candidate Curve ID?: vy to Curve #1; v; to Curve #2; v, to both curves

12



Recovering the CAD surface information

Possible cases:
a) Internal: Element face on CAD surface
b) Corner: Two face edges on CAD curves
c) Multi-patch: Face spanning over two CAD surfaces

CAD-Surface 1

CAD-Surface 2
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Multi-patch case

The surface ID of vertex Xj IS obtained as

3
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Mesh curving on a surface

Quadrature Rule 2D Map Face

Quadrature Nodes

CAD )
Surface -~

LT Parametric
y 7 - Projection
b
Iscparametric '
Mesh Face g' CAD
 Surface

et
T
- - b 34

et = : N
\ S S S
ST A Bl - - =

Closest CAD projectioh

e e
= .e‘r.- "V‘: e
s
==
A

Optimised o 5



Performance assessment

Hemisphere domain test case

Geometrical accuracy
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Perring F1 front wing

Non-CAD conformal high-order mesh
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Imperial front wing geometry
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IFW assessment

Geometrical accuracy
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Final comments

- Benefits from the robustness of third-party linear mesh
generators.

* Incorporates a multi-patch option not currently available in
Nekmesh.

* Facilitates the assessment of geometrical accuracy of both
linear and high-order meshes.

* Robustness of high-order meshing significantly improved
but still work to be done.
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