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About this course



�‡If you came by car: parking is being monitored -
ask for a temporary parking permit from the 
�”�‡�…�‡�’�–�‹�‘�•�����–�‡�Ž�Ž���™�Š�‹�…�Š���™�‘�”�•�•�Š�‘�’���›�‘�—�ï�”�‡��
participating)

�‡Visiting outside: doors by the reception desks 
are open, others are one-way (out)

�‡Room locked during lunch (save to leave 
�…�‘�•�’�—�–�‡�”�á���å��

o lobby open, use lockers

�‡Username and password for workstations: given 
on-site

P
�‡Keep the name tag visible

�‡Lunch is served in the same building

�‡Toilets are in the lobby

�‡Network: 
o WIFI: eduroam, HAKA authentication or

CSC-guest (with credentials in badge)
o Ethernet cables on the tables

�‡Public transport:
o Metro-> Helsinki/Center or Espoo
o See next slide concerning bus-stops and lines

Practicalities



Around CSC

B1

B3

CSC

(Factory restaurant & salad bar)

Restaurant You are here 
(Training 
room)

Restaurant (soup & salad)

Mind the changes 
introduced by the 
construction work

B2

Metro

B1 (555)�ÆOttaniemi
B2 (555)�ÆLauttasaari (alsoto Metro)
B3 (551)�ÆPasila
Metro �ÆHelsinki, Espoo



Program, May 23rd

09:00 �� 09:30 Morning coffee & registration

09:30 �� 09:45 Introduction to the course (whereabouts, etc.)
09:45 �� 11:00 Introduction to Elmer finite element software
11:00 �� 12:00 Hands-on session using ElmerGUI(hands-on)
12:15 �� 13:15 Lunch
13:00 �� 14:30 Elmer structure explained & hands-on session continued
14:30 �� 15:00 Coffee
15:00 �� 16:30 Alternative pre- and postprocessers

16:30 End day 1



Program, May 24th

09:00 �� 10:00 The (Elmer)Solver Input File (SIF) explained including MATC (the poor-man's 
MatLabof Elmer)

10:00 �� 10:30 Coffee

10:30 �� 12:00 Programming user functions and solvers in Elmer

12:00 �� 13:00 Lunch
13:00 �� 13:45 Internal pre- and post-processing features in Elmer

13:45 �� 14:30  Parallel computing with Elmer

14:30 �� 15:00 Coffee
15:00 �� 15:30  Parallel computing demo (if wanted �� else we start with next point)
15:30 �� 16:30  Miscellaneous topics & User problems(tell us all your Elmer problems)



What about you?

�‡���‘�—�Ž�†���™�‡���–�ƒ�•�‡���ƒ���ˆ�‡�™���•�‹�•�—�–�‡�•���–�‘���‰�‡�–���‹�•�ˆ�‘�”�•�ƒ�–�‹�‘�•���‘�•���›�‘�—�”���å��

µbackground

µmotivation to join that course

µexpectations to this course

µanything else?



Introduction to Elmer 
FEM software

ElmerTeam
CSC �� IT Center for Science, Finland

CSC, 2018
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Non-profit
stateentity
with special

tasks

Turnover
in year2016

36.8 ���B

Office
in Espoo, 

datacenter
in Kajaani, 

Finland

Circa

employees
300

Owned
by state

(70%)
and all Finnish

educationhigher
institutions (30%)



�������ï�•��services

23.5.20183

ICT platforms, Funetnetwork and data center functions are the 
base for our solutions 

Computing and software

Data management and analytics for 
research

Support and training for research

Researchadministration

Solutions for managing and 
organizing education

Solutions for learners and teachers

Solutions for educational and 
teaching cooperation 

Hosting services tailored to 
�…�—�•�–�‘�•�‡�”�•�ï���•�‡�‡�†�•

Identity and authorisation

Management and use of data



Services included in Funet membership
o FunetNetwork Connections
o FunetCERT Information Security Service
o Vulnerability Scanner
o Certificate Service
o eduroamRoaming Access Service
o FunetFileSenderFile Sharing Service

Services with additional costs
o FunetEtuubiVideo Management System
o FunetSiltaVideo Conferencing MCU Service
o FunetTiimi Web Conferencing System
o Funetlight Paths
o Router Service
o Streaming Service

Funet �� National and International 
Networks and Services

10.11.20164

ca. 80
Funetmembers

370 000
end-users



CSC datacenter in Kajaani

�‡3 000 m2 (option to 4 000 m2 additional datacenter space)

�‡Redundant green power scalability up to hundreds of MW, 
based on customer need. Existing power capacity: 10 MW 
(redundant)

�‡Local and competent partner network guarantees rapid 
scalability and secure operations 

�‡State-of-the-art datacenter technology (modularity of the 
datacenter, easy expansion, free air cooling all year round) 
delivering world-class eco-efficiency and zero carbon 
footprint. Annual PUE 1,04 (2016)

�‡Also traditional water cooling datacenter facilities are  
available for certain supercomputer type of services

�‡High-end availability on both power supply, 
cooling and core network connectivity



�������ï�•�����‘�•�’�—�–�‹�•�‰�����‡�”�˜�‹�…�‡�•

Performance Capacity Special
processors

Cloud Hosting

Sisu
(Cray)

40 512
cores

Aries 
interconnect

Taito
(HP)

18 816
cores

InfiniBand
interconnect

Taito
extension

(Bull)
996cores

76 Nvidia K40 
GPUs

90 Intel Xeon 
Phi 7120X

cPouta

Cores 
provisioned 
from Taito 

cluster

Kajaani
Espoo

Storage services

>4PB, ~100GB/s



�������ï�•�����‘�•�’�—�–�‹�•�‰�����ƒ�’�ƒ�…�‹�–�›��1989��2016



Elmer finite element software 
for multiphysical problems

FiguresbyEsko Järvinen, Mikko 
Lyly, Peter Råback, Timo Veijola 
(TKK) & Thomas Zwinger



Elmer was published under GPL on sf.net in 2008

�‡Used worldwide by thousands of researchers (?)



Elmer �� Infrastructure for OpenResearch

Elmer As
Infrastructure

Elmer 
Library

HPC
Elmer 

Courses

Elmer 
Support

GPL 
modules

propriety
modules

User/
Developer/
Customer

Company
B

Institute
C

University
D



Elmer is hosted at GitHub and accepts contributions

23.5.201813



Elmer in numbers

Software

�‡~400,000 linesof active
code

o ~3/4 in Fortran, 1/4 in C/C++

�‡~580 consistency tests 

�‡~750 pages of 
documentation 

�‡~1000 code commits yearly 

Community

�‡~20,000 downloads for 
Windows binary yearly

o Linux users untracked

�‡~2000 forum postings yearly

�‡~100 people participate on 
Elmer courses yearly 

�‡Several Elmer related 
scientifc visits to CSC yearly



Elmer finite element software 

�‡Elmer is actuallya suiteof severalprograms
o Components may also be used independently

�‡ElmerGUI�� Preprocessing

�‡ElmerSolver�� FEM Solution
o Eachphysicalequationis a dynamically loaded

library to the main program

�‡ElmerGrid- structured meshing, mesh import 
& partitioning

�‡ElmerPost- Postprocessing 
o made obsolite by Paraview

ElmerSolver

Paraview

FlowSolve

HeatSolve

�«

ElmerGrid

ElmerGUI



ElmerGUI

�‡Graphical user interface of Elmer
o Basedon the Qt library (GPL)

o Developedat CSC since2/2008

�‡Meshgeneration
o Pluginsfor Tetgen, Netgen, and 

ElmerGrid

o CAD interfacebasedon OpenCascade

�‡Easiesttool for case specification
o Eveneducationaluse

o Parallelcomputation

�‡New solverseasilysupported
throughGUI

o XML based menu definition



ElmerSolver

�‡Assembly and solution of the 
finite element equations and 
beyond

�‡Largenumberof auxiliary
routines

�‡Note: When we talk of Elmer 
we mainly mean ElmerSolver

�‡~95% of development effort

ELMER SOLVER (v 8.3) STARTED AT: 2017/06/19 18:35:01
ParCommInit:  Initialize #PEs:            1
MAIN: =============================================================
MAIN: ElmerSolverfinite element software, Welcome!
MAIN: This program is free software licensed under (L)GPL
MAIN: Copyright 1st April 1995 - , CSC - IT Center for Science Ltd.
MAIN: Webpage http://www.csc.fi/elmer, Email elmeradm@csc.fi
MAIN: Version: 8.3 (Rev: 8068c86, Compiled: 2017-06-18)
MAIN:  HYPRE library linked in.
MAIN:  MUMPS library linked in.
MAIN: =============================================================
MAIN: Reading Model: flux.sif
LoadMesh: Base mesh name: ./angle
MAIN: -------------------------------------
Loading user function library: [HeatSolve]...[HeatSolver]
HeatSolve: -------------------------------------
HeatSolve:  TEMPERATURE ITERATION           1
HeatSolve: -------------------------------------
HeatSolve: Assembly:
DefUtils::DefaultDirichletBCs: Setting Dirichletboundary conditions
ComputeChange: NS (ITER=1) (NRM,RELC): ( 0.25941344E-01  2.0000000     ) :: heat equation
CompareToReferenceSolution: Solver 1 PASSED:  Norm = 2.59413436E-02  RefNorm= 2.59413436E
CompareToReferenceSolution: Relative Error to reference norm: 1.512027E-09
CompareToReferenceSolution: PASSED all 1 tests!
ElmerSolver: *** Elmer Solver: ALL DONE ***
ElmerSolver: The end
SOLVER TOTAL TIME(CPU,REAL):         0.10        0.15
ELMER SOLVER FINISHED AT: 2017/06/20 01:35:01



ElmerGrid(standalone + built-in ElmerGUI)

�‡Creationof 2D and 3D structuredmeshes
o Rectangularbasictopology + simplemapping

o Extrusion, rotation

�‡MeshImport
o About ten different formats:

Ansys, Abaqus, Fidap, Comsol, Gmsh�á�å

�‡Meshmanipulation
o Increase/decreaseorder

o Scale, rotate, translate

�‡Partitioning
o Simplegeometric(upperfigure)
o Metis library (lower figure)



SERIAL WORKFLOW: CAD IMPORT MESH GENERATION CASE SETUP  SOLUTIONVISUALIZATION



ElmerSolver�� NumericalMethods

�‡Time-dependency
o Static, transient, harmonic, eigenmode, scanning

�‡Discretization
o Elementfamilies: nodal, edge(Hcurl), face(Hdiv), and p-elements, DG
o Elementshapes: triangles, quads, tets, wedges, pyramids, hexas
o Formulations: Galerkin, stabilization, bubbles
o Continuity: Mortar finite elementsfor periodicand nonconformingmeshes

�‡Linear system solvers
o Direct: Lapack, Umfpack, (SuperLU, Mumps, Pardiso) 
o Iterative Krylovspace methods (HutIter & Hypre)
o multigrid �•�‘�Ž�˜�‡�”�•�����
���
���¬�������
�����ˆ�‘�”���ò�‡�ƒ�•�›�ó���‡�“�—�ƒ�–�‹�‘�•�•�����‘�™�•���¬��Hypre)
o Preconditioners: ILU, BILU, Parasails, multigrid, SGS, Jacobi�á�å

�‡Adaptivity
o For selectedequations, unfortunatelyno parallelimplementation



�‡Heattransfer
�9Heatequation
�9Radiationwith viewfactors
�9convectionand phasechange

�‡Fluidmechanics
�9 Navier-Stokes(2D & 3D)

�9 RANS: SST k-�: , k-�H, v2-f
�9 LES: VMS
�9 Thinfilms: Reynolds(1D & 2D)

�‡Structuralmechanics
�9 General elasticity (unisotropic, lin & nonlin)
�9 Plates& Shells

�‡Acoustics
�9 Helmholtz
�9 Linearizedtime-harmonicN-S
�9 MonolithicthermalN-S

�‡Speciestransport
�9 Genericconvection-diffusion equation

�‡Electromagnetics
�9 Solversfor eitherscalaror vectorpotential

(nodalelements)
�9 EdgeelementbasedAV solverfor magnetic

and electricfields

�‡Meshmovement(Lagrangian)
�9 Extendingdisplacementsin free surface

problems
�9 ALE formulation

�‡Level set method (Eulerian)
�9 Freesurfacedefinedby a function

�‡Electrokinetics
�9 Poisson-Boltzmann

�‡Thermoelectricity

�‡Quantummechanics
�9 DFT (KohnScham)

�‡ParticleTracker

�‡�å�ä

ElmerSolver- PhysicalModels



Poll on application fields (status 4/2018)



�‡Most crystallinesiliconis grownby the Czhockralski(CZ) 
method

�‡One of the keyapplicationwhenElmer developmentwas
started. Figures by Okmetic Ltd.

CzockralskiCrystal Growth

V. Savolainen et al., Simulation of large -scale 
silicon melt flow in magnetic Czochralski growth, 
J. Crystal Growth 243 (2002), 243 -260.



CZ-growth : Transient simulation

Parallel simulation of silicon meltflows using stabilized finite
element method (5.4 million elements ).

Simulation Juha Ruokolainen, animation Matti Gröhn , CSC



�‡ Elmer hasbeenusedextensivelyin crystal 
growth simulations: These include crystal 
and tube growth for silicon, silicon-
carbide, NiMnGa and sapphire in 
Czochralski, HTCVD,  sublimation, 
Bridgman, Vertical Gradient Freeze and 
Heat Exchanger Methods.

�‡ Numerical results have been successfully 
verified with experiments.

�‡ Elmer is a part of open-source chain from 
CAD to visualization, and offers an access 
to parallelismand a numberof 
simultaneoussimulationsimportant for 
industrialR&D.

Simulations Jari Järvinen, Silicom Oy, 2014

Elmer in Crystal Growth Simulations



MEMS: Inertial sensor

Figure by VTI Technologies

A. Pursula, P. Råback, S. Lähteenmäki and J. Lahdenperä, Coupled FEM simulations of accelerometers 
including nonlinear gas damping with comparison to measurements, 
J. Micromech. Microeng. 16 (2006), 2345-2354.

�‡MEMS provides an ideal field for multi-physical simulation software

�‡Electrostatics, elasticity and fluid flow are often inherently coupled

�‡Example shows the effect of holes in the motion of an accelerometer 
prototype



Elmer/ICE: Glaceology
�‡Elmer/Iceis the leading software used in 3D 

computational glaciology

�‡Full3D Stokesequationto model the flow

�‡Largenumberof tailoredmodelsto dealwith the 
specialproblems

�‡Motivated by climatechangeand sealevelrise

�‡Currently ~100 peer-reviewed publications in the area

�‡Dedicated community portal 
elmerice.elmerfem.org

F. Gillet-Chauletet al., 
2012. Greenland ice sheet 
contribution to sea-level 
rise from a new-generation 
ice-sheet model, 
The Cryosphere, 
6, 1561-1576.



Marine Ice Sheets

Favier, L., G. Durand, S. L. Cornford, G. H. Gudmundsson, O. 
Gagliardini, F. Giller-Chaulet, T. Zwinger, A. J. Payneand A. 
M. LeBrocq, 2014. Retreatof PineIsland Glacier controlled
by marine ice-sheetinstability, NatureClimateChange

Glaciers

T. Zwinger and Moore, J. C. (2009) Diagnostic and 
prognostic simulations with a full Stokes model 
accounting for superimposed ice of Midtre 
Lovénbreen, Svalbard, The Cryosphere, 3, 217-
229, doi:10.5194/tc-3-217-2009



Block preconditioning: 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 + BoomerAMGpreconditionerfor the 
3D driven-cavity case (Re=100) on Cray XC (Sisu). 
Simulation Mika Malinen, CSC.

O(~1.14)



�‡Cardiovasculardiseasesarethe leading
causeof deathsin western countries

�‡Calcificationreduceselasticityof arteries

�‡Modelingof blood flow posesa 
challengingcase of fluid-structure-
interaction

�‡Artificial compressibilityis usedto 
enhancethe convergenceof FSI coupling

Blood flow in carotid artery
accounting FSI interaction

E. Järvinen, P. Råback, M. Lyly, J. Salonius. A 
method for partitioned fluid-structure interaction 
computation of flow in arteries. Medical Eng. & 
Physics, 30 (2008), 917-923

Computational Hemodynamics



Elmer/EM: Collaboration in electromechanics

�‡SEMTEC project to further develop Elmer 
as a tool for heavy electromagnetics 
computations.

o Existing solution provided unsatisfactory 
scalability

o CSC, VTT, Aalto Univ., TUT, LUT, ABB, Kone, 
Konecranes, Sulzer, Ingersoll-Rand, Trafotek, 
Scanveir

�‡With the end of the project large 
developments made available under open 
source

�‡Most important industrialapplication
areaat the moment



Open source workflow at Trafotek

23 May 201859

�‡Simulation of losses in Cast Resin 
Transformer by Trafotek

o Computed with 256 cores

�‡CAD & meshing with SALOME using 
python bindings 

�‡Simulationwith Elmer
o Estimationof heatgenerationfrom

magneticlosses

o Coupledheat and N-S equations

�‡Postprocessing with Paraview

Simulationby Eelis Takala, Trafotek, Finland, 2014



Recentdevelopments: nonlinear shell solver

23.5.201870

Verification against: 
Sze KY, Liu XH, Lo SH, Popular 
benchmark problems for 
geometric nonlinear analysis of 
shells, Finite Elements in Analysis 
and Design 2004, 40(11):1551-
1569.



Most important Elmer resources

�‡http://www.csc.fi/elmer
o Official Homepageof Elmer

�‡http://www.elmerfem.org
o Discussion forum, wiki, elmerice community

�‡https://github.com/elmercsc/elmerfem
o GIT version control (the future)

�‡http://youtube.com/elmerfem
o Youtubechannelfor Elmer animations

�‡http://www.nic.funet.fi/pub/sci/physics/elmer/
o Downloadrepository

�‡Further information: peter.raback@csc.fi



ElmerGUItutorials

ElmerTeam
CSC �� IT Center for Science, Finland

CSC, 2018



Tutorials GUI instructions

�‡Copy and unzipthe virtual machine

�‡Start Virtual Machine under VMPlayer

�‡Input files should be available in Desktop shortcut or under 
~/ Source/ elmerfem / ElmerGUI /samples

�‡The instructions written in verbatim refer to operations with the GUI. 
o Intendationmeans step in the menu hierarchy. 

�‡Missingsolvermenusmaybefoundat
/ usr / local / Elmer_devel / share / ElmerGUI / edf - extra

�‡UseParaview with Post Filesuffix . vtu



1. Heat Equation -Temperaturefield of a solid object



2. Model PDE �� genericadvection-reaction-diffusion equation



3. Linearelasticty - Loadedelasticbeam in 3D



4. Nonlinear elasticity �� loaded elastichook

23.5.20186






























































































