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How does it work ?
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Elmer structure
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Sequence of a serial simulation

• build a mesh in Elmer format, i.e. a directory containing
mesh.header, mesh.nodes, mesh.element, mesh.boundary

• fill in a solver input file (mysif.sif)

• compile object files linked with Elmer of your user functions 

and solvers (if needed)

• Execute :
$ ElmerSolver mysif.sif

• Should create a *.vtu files (output files in vtu format)

• Visualise :
$ paraview
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We will see 

• how to construct a simple mesh

• what is the content of a sif file

• how to execute 

• how to visualise the results
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How to get a mesh ?
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Different possibilities to get a mesh

• use ElmerGrid alone

• Very simple structured mesh

• use another mesher (gmsh, gambit) and then 

transform it in Elmer format - ElmerGrid can do this for 

many other mesh formats (just launch ElmerGrid

without any argument to get list)

• Glacier particularities :

- Small aspect ratio (horizontally elongated elements)

- In 3D, mesh a footprint with an unstructured 

mesh, and then vertically extrude it (externally 

or internally)

will see this later during the course…
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ElmerGrid

• command line tool for mesh generation

• native mesh format: .grd

• help : just execute : $ ElmerGrid

• possible to import meshes produced by other free or 

commercial mesh generators (UNV, Comsol, gmsh, …)

• Examples : 

$ ElmerGrid 1 2 my_mesh.grd

$ ElmerGrid 14 2 my_gmsh_mesh.msh -autoclean

$ ElmerGrid 14 5 my_gmsh_mesh.msh -autoclean



Elmer mesh – Finite element shapes

•All standard shaper of Finite 

Elements are supported
o0D: point

o1D: segment

o2D: triangles, quadrilaterals

o3D: tetraherdons, wedges, pyramids, 
hexahedrons

•Meshes may have mixed element

types

•There may be also several meshes

in same simulation



Elmer mesh – basis functions

•Element families
oNodal (up to 2-4th degree)

op-elements (up to 10th degree)

oEdge & face –elements

oH(div) - often associated  with”face” 
elements) 

oH(curl) - often associated with ”edge” 
elements)

•Formulations
oGalerkin, Discontinuous Galerkin

oStabilization

oResidual free bubbles
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Elmer mesh – internal mesh generation

• Internal mesh division
o2^DIM^n -fold problem-size

oKnown as ”Mesh Multiplication”

oSimple inheritance of mesh grading

• Internal mesh extrusion
oExtruded given number of layers

• Idea is to remove bottle-necks from 

mesh generation
oThese can also be performed on a parallel level

• Limited by generality since the internal 

meshing features cannot increase the 

geometry description
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Solver Input File (sif)
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Example of sif file

• Comments start with !

• Not case sensitive

• Avoid non-printable characters (e.g.,  tabulators for indents)

• A section always ends with the keyword End or use ::

• Parameters not in the Keyword DB need to be casted by types:
Integer, Real, Logical, String and File

• Paremetername(n,m) indicates a n×m array

• Sections are
Header

Constants

Simulation

Solver i

Body i

Equation i

Body Force i

Material i

Initial Condition i

Boundary Condition i

Body Force 1 

Heat Source = 1.0 

End 

OR

Body Force 1 :: Heat Source = 1.0 
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Example of sif file

• Header declares where to search for the mesh

• If any constants needed (i.e. Gas constant)

• Simulation

• Type of coordinate system

• Steady or Transient

• If transient: time stepping parameters

• Output files (to restart a run) and VTU file

• Output level : how verbose is the code?

• Restart information (optional)

• In Body are assigned the Equation, Body Force, 

Material and Initial Condition

• In Initial Condition sets initial variable values

• In Body Force specify the body force entering the 

right side of the solved equations
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Example of sif file

• In Material sets material properties for the body (can 

be scalars or tensors, and can be given as 

dependent functions)

• In Solver specifies the numerical treatment for these 

equations (methods, criteria of convergence,…)

• In Equation sets the active solvers

• Boundary Condition
• Dirichlet: Variablename = Value

• Neumann: special keyword depending on the 

solver

• Values can be given as function
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Variable defined as a function

1) Tables can be use to define a piecewise linear  (cubic) dependency of a variable

Density = Variable Temperature 

Real cubic

0  900 

273 1000 

300 1020 

400 1000 

End 

2) MATC: a library for online (in SIF file) numerical evaluation of mathematical functions
Density = Variable Temperature 

MATC "1000*(1 - 1.0e-4*(tx-273.0))" 

or as constant expressions
Viscosity Exponent = Real $1.0/3.0

3) Build your own user function

Density = Variable Temperature 

Procedure "filename" "proc”

filename should contain a shareable (.so on Unix) code for the user function 

whose name is proc

Outside range: Extrapolation!

Evaluated every time

Evaluated once
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Example of User Function

FUNCTION proc( Model, n, T ) RESULT(dens) 

USE DefUtils

IMPLICIT None

TYPE(Model_t) :: Model 

INTEGER :: n 

REAL(KIND=dp) :: T, dens

dens = 1000*(1-1.0d-4 *(T-273.0_dp)) 

END FUNCTION proc 

Compilation tools: elmerf90

$ elmerf90 filename.F90 –o filename.so

in the filename.F90 file : 
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How to visualise results
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Paraview
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ASCII Based Output

SaveScalars e.g. CPU time, mean, max, min of a variable, Flux

SaveLine save a variable along a line (boundary or a given line)

SaveMaterials save a material parameter like a variable

Example:
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Good to know

• The structure of sif file has almost one-to-one

mapping with Model type and its lists

– Each keyword is an entry in list structure

• For many tasks there exists a separate solver

a.k.a. module

– Don’t be afraid to add new addition solvers

– Elmer modules + Elmer/Ice solvers

• Copy-paste works is often a good way to start

– Hundreds of consistency tests under

elmerfem/fem/test and elmerice/Tests

• Documentation is never complete – ask!
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