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What is NekMesh?

- A high-order unstructured mesh generator for complex
geometries for arbitrarily high orders

* Powerful high-order processing technologies
= correction and mesh optimisation

= pboundary layer retinement
= spherigon smoothing, extrusion, ...

e Support for reading loads of formats as well as writing
formats (e.g. can do Nek5000 to Gmsh conversion)

* Previously called MeshConvert but no longer a converter
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Philosophy

Single step process from CAD to flow solution
As few user parameters as possible - automatic
curvature refinement
Preserve CAD throughout

ﬁ Flow solution

Linear mesh High-order s CFD/

. . .| — | optimisation | —>
generation manipulation . solvers
+ correction




L ast 12 months

NekMesh:

e Modify curve module tc sllow for spline input (1628)
e Add STL surface writer module (!868)
e« New madule for inserting an alternate high-order surface into the working mesh (!1669) y
e Add curve projection routines to CAD system (!637) We Ve b e e n b u Sy l
e Extensive clean-uo of NekMeshUtils/MeshElements end 2xtension of makeorder to consider
CAD information (1698)
e Improverments to mesh linearisztion module (1559)

e Add support for Gmsh high-order output (1679) O f th nﬂ -I: -I: »
e Move CAD c asses to factory format (!676) n e O e O S aC I Ve
e Add module tc check topelcgy of the mesh alorg with coundary connectivity to detect

proolems such &s hang/ng nodes (!691) a re aS Of d eve | O p m e nt

e Add optionto Linearise module to inearise only prisms (!688) .

e Add reader for Nek5000 mesh files (1680) | n N e kta r + +
e Add optionto linearise touse e'emant quality (1590)

e Addflagta insertsurface process far non-conforming geometries (1700)

e Bug fix to get two meshgen regression tests wor<ing (!700)

e Remove lioANN in deference to boost:igecmetry (1703) LOtS Of n eW fU n Ct | O n al |ty

e Refactor library 10 use NekMesh mocules for CAD generation (!/04; \

e Add varopti process module to optimise mesnes (1771) a n d b u g f Ixe S
e Add a mesn extract option to the I'nearise module to visualise the resJl: (1712)

« 2D 10 3D mesh extrusion module (1715)

e Add new two-dimensionel mesher from NACA cade or step file (1720)

e Fixinverted boundary layer in 2D (1736) N Ot eve ryth | n g | n V4 . 4 -

e« More sensible element sizing wth bouncary layers in 20 (1736)

e Change variable names in mcf file to make mcre sense (1735) yo u n e e d 'I:O ru n ma S 't e r'
e Fix issues in varopli module so that in can be compiled without meshgen on (1736

e Replace LAPACK E genvalue calculation with handwritter function in varopti [!738)

« Improved noce-colouring algorithm for cetter load-baancing in varopti (173E)

e Simplified calculaticn of the energy functional in varopti for improvad performance (1738)
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Plpeline approacn

Surface Boundary
Input —— mesh —— layer
generation generation
=
OpenCascgde = In-house code = In-house code
-
CFI{CADFix) based on octree + triangle = Star-CCM+

= Many others = CFI (CADFix)
(Gmsh, Star-CCM+)

Output — Correction & VOlurr;]e

P optimisation ¢ mes |
generation

= Nektar++ format = |n-house tools = |n-house code

= (Gmsh format = Star-CCM+

= +others? = CFI (CADFix)



Generating a mesh from CAD

Constructing an octree to refine around curvature
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Generating a mesh from CAD

Smoothing the octree
/



Generating a mesh from CAD
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Generating a mesh from CAD
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Propagate mesh curvature onto interior of domain
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2D mesh generation
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T106C turbine blade

NekMesh now
supports reading 2D

STEP files and
generating meshes

Boundary layer
generation

Periodic edge support

Wake refinement
through line sources



2D mesh generation

NACAOO12 and NACA4412,
5° AoOA
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* Also, you don't need a

S

* S

TEP anymore

imple .geo Gmsh

reader for 2D
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Or just enter a 4-digit

ACA code, far-field
nd AOA to generate a

N

ACA geometry



MCF Input format

\_

VALUE="5-6"

/>

/>
/>
/>

/>

/>
/>

/>
/>
/>
/>
/>

/>

<NEKTAR>
<MESHING>

<INFORMATION>
<I PROPERTY="CADFile" VALUE="0012"
<I PROPERTY="MeshType" VALUE="2DBndLayer" />

</INFORMATION>

<PARAMETERS>
<P PARAM="MinDelta" VALUE="0.1"
<P PARAM="MaxDelta" VALUE="5"
<P PARAM="EPS" VALUE="0.1"
<P PARAM="Order" VALUE="4"
<P PARAM="BndLayerSurfaces"
<P PARAM="BndLayerThickness" VALUE="0.05"
<P PARAM="Xmin" VALUE="-1.0"
<P PARAM="Ymin" VALUE="-2.0"
<P PARAM="Xmax" VALUE="3.0"
<P PARAM="Ymax" VALUE="2.0"
<P PARAM="AOQOA" VALUE="15.0"

</PARAMETERS>

<BOOLPARAMETERS>
<P VALUE="VariationalOptimiser"

</BOOLPARAMETERS>

</MESHING>
</NEKTAR>

~
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* Store options for
generation inside
MCF

* Will pre-load some
processing modules

* Example shows
NACAQOO12
generation



Straight-sided mesh
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Deformed mesh

Opt
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Boundary
projection



Current approaches

PDE solutions

* Non-linear elasticity (Persson & Peraire 2009)

* Linear elasticity (Xie et al 2013; Hartmann & Leicht 2015)
* Thermo-elasticity (Moxey et al 2015)

e Winslow (Fortunato & Persson 2016)

Direct optimisation

* Log barrier optimisation (Toulorge et al 2013)
e Distortion metric (Roca et al 2014)
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Variational approach

Instead of viewing problem as a PDE, use calculus

of variations: recast as an integral (energy)
minimisation instead, where we solve the problem

find min&(¢) = min WV o) dy
¢ ¢ Q,

Through an appropriate choice of W we encompass both
the PDE and optimisation methods in a single
framework

M. Turner, J. Peird, D. Moxey, A variational framework for high-order mesh generation,
Procedia Engineering 82 127-135 (2016)
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Choice of functional

F=Vo J=detF

1
Linear elasticity: W = g(ln J+uE:E; E= §(FtF — 1)

A
Non-linear elasticity: W = g(F F—3)—pulnJ + §(ln J)?

Winslow: W =J ' (F: F)

1
Distortion: W = E\J|_d/2(F . F)

This technique encapsulates most currently available
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Invalid mesh: minJ, <0

* Potentially W is not physical: e.g. 1/J, log(J)

* Replace Jacobian with regularised version
(Garanzha 2004) which forces a positive small
Jacobian:

JT

1
J’ = 5 (.]+ \/J2+452)

o(J): o0=¢ J=>0
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Parallelisation

Very efficient parallel implementation with a simple
colouring scheme + Newton-based node-by-node
optimisation scheme

Ideal scaling |
—e— Recorded scaling

10% |

runtime [s]

101 |

109 | | | - .101
number of threads

~ 375,000 DoF
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Surface mesh sliding

Often surface mesh will never yield valid volume
to be generated: solve by sliding elements on the
CAD surface
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Surface mesh optimisation
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Example: jet configuration

Before optimisation After
J< 0.5
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Element count

Example: jet configuration

Element count

. OriginalI . .
Lots of invalid elements
0.30 . . . |
0.25 | —— Linear elast'ic i
— Hyper elastic
0.20 | —— Winslow 7
i 0.15 | —— Distortion
—-1.0 —0.5 0.0 0.5 1.0
Scaled Jacobian J; 0.10} /F i
- 0.05 .
106 . . .

[ Hyper elastic 0.00 - ]
10° —0.05 | .
104 _ —0.10 H -

_015 I I I I
103 | 0 20 40 60 80 100

Iteration number k
102 |
10!
10° I

—1.0 —-0.5 0.0
Scaled Jacobian J;
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Example: DLR

Element count

Element count

23

10% ¢
10°
10*
103
10?
10!

1001

-6 engine

100 ¢

10°
10*
10°
107
10!

1001

I Orginial
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Example: Boeing reduced LG

Element count

Element count

105 3 T T | !
F I Original

10}
103 |
10}

10"}

10° ' '
0.0 0.2 0.4 0.6 0.8 1.0
Element quality Q,

105 3 T T | :
I Hyper elastic v =0.45

10}

10° |

101}

100 I I I
0.0 0.2 0.4 0.6 0.8 1.0
Element quality Q.




Industrial meshing

Lots of improvements for very complex 3D cases
where BL generation Is a distinct problem

Improved Star-CCM+ pipeline

Interaction with other CAD engines (e.g. CFl/
CADFix)

Lots of improvements for really cool geometries that
| can’t show meshes of
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Road car
P=4




Simulations

around 1000 million dof
BL through Star-CCM+

P=5

Re = 50k
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Outlook

Release of a standalone NekMesh tool for external
groups to use

Further computational enhancements through e.g.
GPU acceleration (Jan Eichstadt, Mashy Green)

Further integration of NekMesh throughout the
ibrary, particularly with SpatialDomains

Aim: on-the-tly mesh movement through variational
approach (Julian Marcon)
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Conclusions

* NekMesh is really progressing, very few (it any)
tools can do what we can

* Really pushing to promote NekMesh as the mesh
generator to use with Nektar++

* |t it doesn’t do something that you want it to, tell
us and we'll see it we can do it (no promises)

* 2D mesh generation tutorial now online, so check it
out on the ‘open session’ on Friday morning
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Thanks for listening!

@davidmoxey

d.moxey@exeter.ac.uk

www.nektar.info
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