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Outline $

CScC

o Aboutstructuredmeshean Elmer
v Extrusionof meshes
o Utilizingextrudedstructures



Structuredmeshesfor computationalglaciology $

v Generall\Elmertreatsall meshean Elmer as
unstructured

¢ Incomputationalglaciologythe footprint is alwaysof
irregularshape

o Foroptimal accuracyt makessensethat the numberof
elementsin depth directiondoesnot vary

T Solution 2Dmeshest extrusion

v Extrusionstrategieswritten mainlyfor computational
glaciologybut mayalsohaveother used



Creatingextruded meshes $

CScC

v ElmerGrid

I 2D Elmemeshformat ->extrudedmesh
v Standaloneprogram

I Written by Thomas
¢ Internalextrusion

I Performedon theparallellevel

I Minimizesdisk I/O

I Removesnemorybottle-necks



Bottle-necksin pre-processing $

CScC

o After the solutionpre-processingstypicallythe 2nd
mosttime- andmemoryintensivetask

¢ Meshpartitioningistypicallylesslaboriousthan mesh
generation
i In ElmeweK | @ SifiZedparallelgraphpartitioning

libraries(e.g ParMetig

v Serialmeshgenerationlimited to around~10 M

elements



Finalizingthe meshin parallellevel *

CScC

v Firstmakea coarsemeshand partition it
v Bisectionof existingelementsin each

direction
i 2”°DIM”n-fold problemsize /\ﬂ
iYY26Yy | a £aSaK a L U

I Simpleinheritanceof meshgrading

v Increase of element ordep{elementy
I p-hierarchyenablesthe useof p-multigrid

v Extrusion of 2D layer into 3D for special
cases

I ExampleGreenlandce-sheet / /ﬂ %




Standardparallel workflow $

CSscC

v Bothassemblyandsolutionisdonein parallelusingMPI
v Assemblystrivially parallel
v Thisis thebasicparallelworkflow usedfor Elmer

MESHING NETGEN
PARTITIONING MET|S
ASSEMBLY Py

2
SOLUTION Elmer

VISUALIZATION

’ll ParaView



Parallelworkflow %

CSscC

v Largemesheanaybefinilizedat the parallellevel

MESHING

PARTITIONING

MESH
MULTIP./JEXT

ASSEMBLY

SOLUTION

VISUALIZATION



Mesh multiplication, example

CSscC

Mesh Levels =2

B Meshgradingnicely
: preserved

Splittingeffectsvisible
in partition interfaces



Mesh Multiplication, example

¢ Implementedin Elmer asnternal strategy~2005

v Meshmultiplication was applied to two meshes
I Mesh A: structured, 62500 hexahedrons

I Mesh B: unstructured, 65689 tetrahedrons

¢ The CPU time used is negligible

~-

CscC
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Limitationsof meshmultiplication $

CScC

v Standardmeshmultiplicationdoesnot increase
geometricaccuracy
I Polygongetaintheir shape
I Meshmultiplicationcouldbe made tohonorboundary
shapegqdonein Alyaby BSC, Spain)
v Optimalmeshgradingdifficult to achieve

I Thecoarsesimeshleveldoesnot usuallyhavesufficient
iInformationto implementfine levelgrading



Extrusion of partitioned meshes *

¢ Implementedas aninternal strategyin Elmer (2013)
I Juha, Peter &upert

o Firstpartition a 2Dmesh then extrudeinto 3D
¢ Implementedalsofor partitionedmeshes
I Extrudedinesbelongto the samepartition by constructior

v Deterministig i.e. element and node numbering determined
by the 2Dmesh
I Complexity O(N)

¢ Thereare many problems of practical problems where the
mesh extrusion of a initial 2D mesh provides a good solution

I One such field is glasiology where glaciers are thin, yet the 2D
approach is not always sufficient accurary



Internal extrusion

Hide
Representation ¥

Color By L
Edit Color

*

CcscC

Extruded Mesh Levels = 11
A

Thenumberof levelsis abit
unintuitive asit refersto node layers

Bydefaultz in [0,1]




Internal extrusion $

CScC

Extruded Mesh Levels = 11

I Extruded Mesh Ratio =4.0

UnitSegmentDivisianMesh division ready
UnitSegmentDivisianw(0) : 0.0000E+00

UnitSegmentDivisianw(1l) : 4.956682
UnitSegmentDivisianw(2) : 1.065081

UnitSegmentDivisianw(3) : 1.7191B1
UnitSegmentDivisianw(4) : 2.47038B1

UnitSegmentDivisianw(5) : 3.3333B1

UnitSegmentDivisianv(6) : 4.324781

UnitSegmentDivisianw(7) : 5.463481

UnitSegmentDivisianw(8) : 6.771481

$ UnitSegmentDivisianw(9) : 8.274081

UnitSegmentDivisianw(10) : 1.0000E+0(



Internal extrusion $
Just adummy; refersto z in [0,1]°°°
Extruded Mesh Levels = 21
Extruded Mesh Density = Variable Coordinate 1
Real MATC "1+10*tx"




Internal extrusion

Extruded Mesh Levels =
Extruded Mesh Density
Real
0.01.0

~-

Just adummy; refersto z in [0,1]°°¢

21
= Variable

Coordinate

1

0.35.0

1.05.0

End

Densitycharacterizedoy a

meshparameterh

Alwaysthe requestednumber
of layersgenerated




Internal extrusion $

Extruded Mesh Levels = 11

Extruded Mesh Density = Variable Coordinate 1
Real MATC "0.2+sin( pi*tx )"

e

Anyfunctionaldependence
IS ok as long asis positive

Theoptimal division isfound
iteratively usingGauss
Seideltype of iteration and
largevariationsmakethe
iterations convergeslowly




MeshExtrudesubroutinein MeshUtils.src *

CScC

1> Given a 2D mesh extrude it to be 3D. The 3rd coordinate will always
1> pbe at the interval [0,1]. Therefore the adaptation for different shapes
I> must be done witlstructuredMeshMapperor some similar utility.

1> The top and bottom surface will be assigned Boundary Condition tags
1> with indexes one larger than the maximum used on by the 2D mesh.

TYPB{esh_ 1), POINTERMesh in Mesh_out
INTEGERINn_levels



UnitSegmentDivisionn MeshUltils.src $

CScC

1> Create node distribution for a unit segmentin [0,1] with n elements

1> 1.e. n+1 nodes. There are different options for the type of distribution.
1> 1) Even distribution

1> 2) Geometric distribution

1> 3) Arbitrary distribution determined by a functional dependence

1> Note that the 3rd algorithm involves iterative solution of the nodal

1> positions and is therefore not bullgtroof.

SUBROUTINEnitSegmentDivisidnw, n )
REAL(KINDp), ALLOCATABLE :: w(:)
INTEGER :: n



I Compute the point in the local mesm\in [0,1]
I and get the mesh parameter for that element from
| external function.

DOi=1,n
xn= (wf)+w(r1))/2.0_dp
h(i) =ListGetFu(CurrentModel%
Simulation,'Extrudedesh Density'xn)
END DO

I Utilize symmetric GausSeidel to compute the new
| positions, wi) from a weighted mean of the desired
| elemental densities, hy

DOI=1,n1

w(i) = (w(EL)*h(i+1)+w(i+1)*hi))/(h(i)+h(i+1))
END DO
DOi=n1,171

w(i) = (w(1)*h(i+1)+w(i+1)*hi))/(h(i)+h(i+1))
END DO

dw ~ h

CScC



Internal extrusion

Otherkeywords

Extruded Coordinate Index = Integer
Whatcoordinateto extrude

Extruded Min Coordinate = Real
Extruded Max Coordinate = Real
Overridethe defaultinterval[0,1]

Preserve Baseline = Logical
Preservehe 1Dboundaryof the baseline

11,2,3

CScC



Internal extrusiong numeringof BCs $

CScC

o Sideboundariesggeta BCconstraintsothat
I 2DconstraintBC = 1[@ontraintBC + offset
I offset is self the baselineBCsare preserved

¢ Top andbottom boundariesgetthe nextfree BC
constraintindexes

¢ Notethet the BCgeferdirectlyll 2 BdUislarg
Conditiore
i € ¢ | MBSdaries usedlonlywhenreadingin the mesh
In the 1stplaceandthey are not availableanymore at this
stage



Internalsextrusiong real shapes $

CScC

¢ Themeshdivision isonly setalongthe 1Dextrudedline

o Fortrue geometriessomeadditionalstrategyis needed
to mapthe meshbetweenthe realtop andbottom
surfaces

I StructuredMeshMapper
I MeshUpdatesolver



Internal extrusion: Example AaltoVase $

Design Alvar Aalto, 1936



Internal extrusion: Example extrude.sif

CSscC
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2D meshby Gmsh 3Dinternally extruded mesh

Playaroundwith different optionsto seehow your
vaseis meshed



Utilizing extruded structures $

CScC

o If the meshis extrudedit makessenseto utilize this fact
alsoin later steps

I Operatorsn the extrudeddirections

I Combinatiorof full 3D and 2higherorder models
o Tailoredsolversthat assumeextrudedstructure

I StructuredMeshMapper

I StructuredProjectToPlane

I StructuredFlowLine

¢ Noassumption®n the numberingof the nodesis
needed



DetectExtrudedStructuren MeshuUtils.src *

CScC

I> This subroutine finds the structure of an extruded mesh even though it is

I> given in an unstructured format. The routine may be used by some special

I> solvers that employ the special character of the mesh.

I> The extrusion is found for a given direction and for each node the corresponding
I> up and down, and thereafter top and bottom node is computed.

SUBROUTINEetectExtrudedStructufeMesh, SolveExtVay &
TopNodePointeiBotNodePointer &
UpNodePointetDownNodePointer&
NumberOfLayerdNodeLaye)



DetectExtrudedStructure $

CScC

v Gothrougheachelement

I If in the elementvectorspannedby two nodes(i,j) is
directedasextrudeddirectionset
UpNodePointe(i)=j or DownNodePointe(i)=]
I ComplexityO(N)
v Gothrougheachelementuntil no change
I TopNodePointe(i))=UpNodePointe(TopNodePointe(i))
BotNodePoine(i)=DownNodePointe(BotNodePointe(i))

I ComplexityON*N_2

v As aresultwe havefor eachnodepointersto up and
down, andtop andbottom nodesat the extrudedline.



DetectExtrudedStructrure; Up, Down, TopBottom%

/ Down




StructuredMeshMapper $

CScC

v Takesa meshwith anextrudedstructure

v Mapsthe meshbetweenits bottom and topsurfaces
I Originalrelativeelementdivision ismaintained
o Variouswaysto definethe displacemenat the top and
bottom
I Constant
I Givenfield
I Variablefor GetRealn boundarycondition

¢ Fordocumentationandexplanationof keywordsseeCh
61 in EImeModelsManual



StucturedMeshMappewrs.MeshSolve $

CscC

v Pros

I Muchfaster. complexityO(N)

I Noconvergencessues

I Retainghe extrudedform of the mesh
o Cons

I Applicableonlyto extrudedmeshes

I Currentlydoesnot computemeshvelocity
v Isthis needed



StructuredMeshMapper Examplemap.sif %

CscC

¢ Meshmappedusinganalyticalfunctions




StructuredMeshMapperExamplemap temp.sif %

¢ Meshmappedusinga giventemperaturefield



