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Context

Context

» This work aims to provide a solution to generate block-structured hexahedral meshes automatically for a legacy
Computational Fluid Dynamics (CFD) code developed for atmospheric re-entry.

Ideal meshes:

- N 4 Near-wall orthogonality
AoA ; layer Hou ¢ Thin cells in the boundary layer
« . aax
- 4 Smooth mesh size transition
_— Shock

Input meshes for the code:

# Block-structured meshes

Far-field 092 FFE
Fig. Flow around a supersonic vehicle

Hypotheses on the domain:
» Our meshing algorithm is freely available and

. . . @ Vehicles are completely immersed in the fluid
implemented in the open-source C++ meshing o
framework GMDS [LWB]?2. @ Far-field is a smooth boundary
4 Single-wall vehicle
a

https://github.com/LIHPC- Computational-Geometry/gmds.
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Approach Overview

Fig. a Tetrahedral Mesh Fig. b Distance Field Fig. ¢ Vector Field Fig. d Linear Blocks Fig. e Curved Blocks Fig. f Mesh

Starting from a tetrahedral discretization of the domain (a)
We first generate and combine distance fields (b)

L 2
L 2
4 And build a vector field that ensure wall orthogonality and other properties (c)
@ Using those fields, we generate a linear block structure (d)

L 2

The block structure is curved using Bézier elements (e)
@ And a final hexahedral mesh is generated (f)

Ruiz-Gironés E, Roca X, Sarrate J. The receding front method applied to hexahedral mesh generation of exterior domains. Engineering with computers, vol. 28, no. 4, 391-408, 2012.

Roche, C., Breil, J., Hocquellet, T., Ledoux, F. "Block-structured quad meshing for supersonic flow simulations". In SIAM International Meshing Roundtable Workshop 2023 (SIAM IMR 2023).
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Linear Block-Structure Generation
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Context
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Fields Computation

IDS_Distance_int
25 3 35 4 45 5 58e+00

00e+00 1

15 2

—-—
Fig. a Euclidean Distance to the Vehicle d|,

'GMDS_Distance
0.0e+00 02 03 04 05 06 07 08 1.0e+00
— “ —
Fig. ¢ Combined Distance Field d = v
9 dy+der
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Bézier Block Curving
0000

GMDS_Distance_Out
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—
Fig. b Euclidean Distance to Far-Field dpp
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MDS_Distance
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Fig. d Vector Field
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Generation of One Block Layer

» Each face of the front (a) creates a
hexahedral block by extrusion. This set of
blocks is the layer (b).

» Each block corner of the front (a)
computes the position of the next block
corner in the next layer.

Fig. a A Front Fig. b A Layer Fig. ¢ A new front

GMDS_Layer

» » - A :
47 GMps pistance . 47 GMps_pistance . A%s_nmnce S EMDS Distance
0.0440010:20:30.40.50.60.70.8 1.0e+00) 0.04+000:20.30.40.50.60.70.8 1.0e+00) 0.04#0010:20.30.40.50.60.70.8 1.0e+00) 0.0440010:20.30.40.50.60.70.8 1.0e+00)
- - - r -
Fig. d Distance Field Fig. e Vector Field Fig. f Advected Block Corner Fig. g New Blocks

» Need to solve conflicts due to expansion/contraction in a layer
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Linear Block-Structure Generation
L]

Conflict Management on a Layer [RGRS12]

» Geometric classification of the edges of the front

)

e R

Fig. a Side Edge

Edges_Classification

Fig. d Reversal Edge

Fig. b Corner Edge Fig. ¢ End Edge Normal Corner End Reversal
Fig. e Example of Edges Classification

> Apply a set of patterns on edges and nodes of the front, according to the geometric classification of edges

Fig. f Edge Patterns Fig. g Examples of Node Patterns Fig. h Layer Generated on Front of Fig.e

[RGRS12] Ruiz-Gironés E, Roca X, Sarrate J. The receding front method applied to hexahedral mesh generation of exterior domains. Engineering with computers, vol. 28, no. 4, 391-408, 2012.
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Linear Blocking around Double Ellipsoid [AADLC91]

Fig. a Double Ellipsoid Geometry

yer

[ 1 ]
GMDS_La
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Regular
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Node: 3 CORNER &

Fig. c Patterns on Second Layer of Blocks Fig. d Layers of Linear Blocks

Conclusion
[o]e]e)
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Fig. e Extrusion of Layers
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Be'.zier Block Curving \,ﬂ\’,”" \\\\“Y.
Block Curving Using Bézier Elements [Bez86, Feu19] -

Aim: Improve the representation of the geometry to avoid the smoothing step on the final mesh.

P I
1 . Py
Py Py Pyd
Fig. a Bézier Curve of Degree p = 2

Fig. b Bézier Curve of Degree p = 3 Fig. c Linear Hexahedral Block

Fig. d Bézier Block of Degree p = 2

» Control points of all the block faces corresponding to the surface of the geometry are computed to approximate the
geometry surface

» Control points of the blocks adjacent to those faces are moved to avoid overlapping blocks
—

@ For a more accurate and elegant way to process, you can
attend the talk of KETAN MITTAL on "Mixed-Order Meshes
through rp-Adaptivity for Surface Fitting to Implicit

ina!
Fig. e Linear First Layer of Blocks Fig. f Curved First Layer of Blocks Geometries

@ Curved Hexahedral Block-Structure Generation by Advancing Front - C. ROCHE SIAM IMR 2024, 03/07/2024 8/12
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Interval Assignment: Set the Discretization of Each Block Edge

> For each topological sheet, an optimization problem is
solved to compute the number of mesh edges of the block
edges

» Each block is discretized uniformly in the parametric
space of the Bézier Element

Fig. a Topological Sheet (mm)

Topological Sheet

A set of opposite block edges.

Fig. b Parametric Space Fig. c Physical Space
@ All edges of the same topological sheet share the same
discretization

Curved Hexahedral Block-Structure Generation by Advancing Front - C. ROCHE SIAM IMR 2024, 03/07/2024 9/12
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Examples of Final Meshes

2 2

GMDS_Layer v GMDS_Layer
I —
1 2 3 4 5 1 2 3 4 5
Fig. a Linear blocks around RAMCII geometry [Sca07] Fig. b Mesh around RAMCII geometry
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Fig. ¢ Mesh of RAMCII nose surface view from inside Fig. d Mesh of RAMCII back surface view from inside

Fig. f Mesh around HyTRV geometry
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Conclusion & Perspectives

¢ This work proposed a solution to generate block-structured hexahedral meshes dedicated to CFD
¢ Extension of the work of Ruiz-GIRONES ET AL. to high-order blocks

Perspectives

¢ Use the meshes generated for numerical simulations
<+ Improve the way to compute the curved blocks to approximate the surface of the geometry
<+ Work on curved blocks smoothing under constraints due to the applications

gy,
X \‘\‘
A ARS
”/m\\\
‘GMDS_Layer ‘GMDS_Layer
12 3 ’ 12 3 ’ m 4

Fig. a Linear blocks around a geometry with wings Fig. b The way the blocks are curved is not always sufficient to
represent the geometry (H)
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Annexes: 3D Surface Block Curving

Fig. d Initial control points on the faces

Flg c Initial control points (elements of degree
corresponding to the geometric surface

= 3), set uniformly on the linear blocks

Giwre? S BN

e 2% o“,e

Fig. a Part of the geometric surface Fig. b 2 blocks of the linear block structure

o6

Fig. e Points to interpolate on the geometric
surface (Fig. a), computed as the projection of
the control points of Fig. d onto the geometry

Fig. h Final mesh generated with the 2 Bézier

Fig. f Control points computed to interpolate Fig. g Control points oi the 2 Bézier elements
elements defined by the control points of Fig. f

positions of Fig. e

» As the first layer of blocks can be very thin,

Bézier Quadrangle Expression in the Parametric Space we add the same offset as the control points
moved in Fig. f to the opposite face in the
VT G [ T ) = ,E%IZ & WPy, ™" plock. This step is not illustrated here and could
be included between Fig. f and Fig. g.

where P, p is the matrix of the control points, and m and n are the degree in each direction
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