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$ gmsh mymesh.geo

ElmerSolver myinput.sif

$ cd mymesh/
$ paraview &

$ ElmerGrid 14 2 mymesh.msh -autoclean

$ emacs myinput.sif





















Sections of SIF: Solver
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Before Simulation

Before Timestep/Saving

Always (default) 

Never

After Timestep/Saving

After Simulation







































Directory listing of elmerfem/trunk with TortoiseGIT: 

ElmerGrid mesh manipulation
ElmerGUI graphical user interface

Elmer/ICE community developments
ElmerParam optimization module
ElmerSolver library and modules

HUTiter Krylov methods library
ElmerFront: Initial user interface (obsolite)

MATC library
Basic math libraries
Mesh2D (Delaunay triangularization,obsolite)

ElmerPost: Initial postprocessor (obsolite)
Umfpack sparse direct solver undel GPL





Compiling fresh Elmer source from GitHub

# clone the git repository.
$ git clone https://www.github.com/ElmerCSC/elmerfem

# Switch to devel branch (currently the default branch)
$ cd elmerfem
$ git checkout devel
$ cd ..

# create build directory
$ mkdir build
$ cd build

$ cmake <flags>
# You can tune the compilation parameters graphically with $ ccmake or $cmake-gui .

$ make install
# or alternatively compile in parallel (4 procs) $ make -j4 install

$ cmake -DWITH_ELMERGUI:BOOL=FALSE -
DWITH_MPI:BOOL=FALSE -
DCMAKE_INSTALL_PREFIX=../install ../elmerfem













http://www.nic.funet.fi/pub/sci/physics/elmer/bin/windows/
























Modules related to linear algebra
BandMatrix.F90
BandwidthOptimize.F90
BlockSolve.F90
cholmod.c
CircuitUtils.F90
ClusteringMethods.F90
CRSMatrix.F90
DirectSolve.F90
EigenSolve.F90
IterativeMethods.F90
IterSolve.F90
LinearAlgebra.F90
LUDecomposition.F90
MGPrec.F90
Multigrid.F90
Smoothers.F90
SolveBand.F90
SolveHypre.c
SolverUtils.F90
SolveSBand.F90
SolveSuperLU.c
SolveTrilinos.cxx



Modules related to space and time discretization

ElementDescription.F90
ElementUtils.F90
H1ElementBasisFunctions.F90
PElementBase.F90
PElementMaps.F90
TimeIntegrate.F90



Historical modules including physics
Differentials.F90
DiffuseConvectiveAnisotropic.F90
DiffuseConvectiveGeneralAnisotropic.F90
ExchangeCorrelations.F90
MaxwellAxiS.F90
Maxwell.F90
MaxwellGeneral.F90
NavierStokesCylindrical.F90
NavierStokes.F90
NavierStokesGeneral.F90
Stress.F90
StressGeneral.F90
VelocityUpdate.F90
Walls.F90











Poisson equation: ElmerGUI menus
<?xml version='1.0' encoding='UTF-8'?>
<!DOCTYPE edf>
<edf version="1.0" >

<PDE Name="Poisson" >
<Name>Poisson</Name>

<BodyForce>
<Parameter Widget="Label" > <Name> Properties </Name> </Parameter>

<Parameter Widget="Edit" >
<Name> Source </Name>
<Type> String </Type>
<Whatis> Give the source term. </Whatis>

</Parameter>    
</BodyForce>   

<Solver>
<Parameter Widget="Edit" >
<Name> Procedure </Name>
<DefaultValue> "Poisosn" "PoissonSolver" </DefaultValue>

</Parameter>
<Parameter Widget="Edit">

<Name> Variable </Name>
<DefaultValue> Potential</DefaultValue>

</Parameter>
</Solver>

<BoundaryCondition>
<Parameter Widget="Label" > <Name> Dirichlet conditions </Name> </Parameter>
<Parameter Widget="Edit">
<Name> Potential </Name>
<Whatis> Give potential value for this boundary. </Whatis>

</Parameter>
</BoundaryCondition>

</PDE>
</edf>
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Mesh multiplication example

Mesh
Levels

Number of 
Elements

1 7 920

2 63 360

3 506 880

4 4 055 040







ElmerSolver - Internal extrusion example

2D mesh by Gmsh 3D internally extruded meshDesign Alvar 
Aalto, 1936





































Case: TwelveSolvers

Natural convection with ten auxialiary
solvers







Case: 12 solvers
1. HeatSolver

2. FlowSolver

3. FluxSolver: solve the heat flux

4. StreamSolver: solve the stream function

5. VorticitySolver: solve the vorticity field (curl of vector field)

6. DivergenceSolver: solve the divergence

7. ShearrateSolver: calculate the shearrate

8. IsosurfaceSolver: generate an isosurface at given value

9. ResultOutputSolver: write data 

10. SaveGridData: save data on uniform grid

11. SaveLine: save data on given lines

12. SaveScalars: save various reductions

Mesh of 10000 bilinear elements



Primary fields for natural convection

Pressure Velocity Temperature



Derived fields for Navier-Stokes solution

Shearrate field Stream function Vorticity field Divergence field





Visualization in differen postprocessors

GiD

gmsh

Paraview



































ElmerGrid partitioning commands

Basic volume mesh partitioning options

(geometric partitioning and Metis graph partitiong) 

There are additional flags to control the partitioning of contact boundaries

and halo elements. 
5/23/201813

-partition int[3]    : the mesh will be partitioned in cartesian main directions

-partorder real[3]   : in the 'partition' method set the direction of the ordering

-partcell int[3]     : the mesh will be partitioned in cells of fixed sizes

-partcyl int[3]      : the mesh will be partitioned in cylindrical main directions

-metis int : mesh will be partitioned with Metis using mesh routines

-metiskway int : mesh will be partitioned with Metis using Kway routine

-metisrec int : mesh will be partitioned with Metis using Recursive routine

-metiscontig : enforce that the metis partitions are contiguous

-partdual : use the dual graph in partition method (when available)

























Example: Weak scaling of Elmer (FETI)

#Procs Dofs Time (s) Efficiency

8 0.8 47.80 -

64 6.3M 51.53 0.93

125 12.2M 51.98 0.92

343 33.7M 53.84 0.89

512 50.3M 53.90 0.89

1000 98.3M 54.54 0.88

1331 131M 55.32 0.87

1728 170M 55.87 0.86

2197 216M 56.43 0.85

2744 270M 56.38 0.85

3375 332M 57.24 0.84

Solution of Poisson equation with FETI method where local problem (of size 32^3=32,768 
nodes) and coarse problem (distributed to 10 partitions) is solved with MUMPS. Simulation 
with Cray XC (Sisu) by Juha Ruokolainen, CSC, 2013.



Block preconditioner: Weak scaling of 3D driven-cavity 

Elems Dofs #procs Time (s)

34^3 171,500 16 44.2

43^3 340,736 32 60.3

54^3 665,500 64 66.7

68^3 1,314,036 128 73.6

86^3 2,634,012 256 83.5

108^3 5,180,116 512 102.0

132^3 9,410,548 1024 106.8

Velocity solves with Hypre: CG + BoomerAMG preconditioner for the 
3D driven-cavity case (Re=100) on Cray XC (Sisu). 
Simulation Mika Malinen, CSC, 2013.

O(~1.14)



Scalability of edge element AV solver for end-windings

Magnetic field strength (left) and electric potential (right) 
of an electrical engine end-windings. Meshing M. Lyly, 

ABB. Simulation (Cray XC, Sisu) J. Ruokolainen, CSC. 

#Procs Time(s) T2P/TP

4 1366 -

8 906 1.5

16 260 3.5

32 122 2.1

64 58.1 2.1

128 38.2 1.8

256 18.1 2.1


















