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Get Started with Elmer

About this document

This document, Get Started with Elmer, is intended to help anyone who has just downloaded Elmer and
would like some help getting started.

The first three chapters are provided specifically for Windows users, with detailed instructions to down-
load, install, and start using Elmer. The instructions have been tested on Windows 10.

The rest of the chapters in this document generally apply to all users, running Windows, Linux, and
MacOS.

Topics discussed include:

e Paraview and ElmerVTK for post processing Elmer results

e Using Elmer, where to find test cases, tutorials, the Elmer user forum, and youtube video

Parallel operation of Elmer

External tools with Elmer, such as Gmsh and Salome, providing examples of creating multiple bodies

e Elmerfem Wiki, a copy of the old wiki

Installing the Elmer Virtual Machine

Installing Elmer in Linux

The present manual corresponds to Elmer software version 26.1.

Latest documentations and program versions of Elmer are available (or links are provided) at http:
//www.csc.fi/elmer.

Copyright information

This document is licensed under the Creative Commons Attribution-NonCommercial 3.0 License. To view
a copy of this license, visit http://creativecommons.org/licenses/by-nc/3.0/.

Initially this document, Get Started with Elmer, has been written by Rich Bayless. External contributions
are welcome.


http://www.csc.fi/elmer
http://www.csc.fi/elmer
http://creativecommons.org/licenses/by-nc/3.0/
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Chapter 1

Get Started with Elmer

1.1 Introduction

Getting started using E1lmer should be a smooth and easy process. Beginners at all levels may have issues
with getting started and that can be a barrier to the use of Elmer. This chapter is meant to provide help to
beginners, to make it easy to start using Elmer and ElmerGUI.

A typical use case would be for someone with a particular application in mind that wants to find out
whether E1lmer is a suitable choice. Being able to quickly download and run an Elmer tutorial should make
the experience easy enough so the user gets an answer in a short amount of time.

The first several chapters are targeted for new users running Windows.

The rest of the document will be useful for both Windows users and Linux users, to get started with
Elmer.
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CSC —IT Center for Science BY NC



Chapter 2

Windows — Download

This chapter will discuss installing Elmer in Windows. Windows 10 is used for these instructions. The steps
should also work with earlier versions of Windows, as long as they are 64 bits.

2.1 Download Elmer

To download the most recent release of Elmer, go to the following website:

https://www.nic.funet.fi/pub/sci/physics/elmer/

Index of /pub/sci/physics/elmer

Name Last modified Size Description

Parent Dirsctory -

anim/ 2010-11-10 19:28 -
bin/ 2021-02-04 13:48 -
course/ 2018-05-22 12:21 -
gggi 2021-02-17 14:1e -
macros/ 2014-08-29 17:28 -
slides/ 2021-02-04 14:47 -
EEEi 2021-02-04 13:45 -
tests/ 2020-02-07 12:52 -

Readme. txt 2021-02-04 13:53 813

NEOCOOLCOCOO W

tests.filepart 2021-02-18 06:00 24M

Figure 2.1: Elmer Bin Windows

Once on that page, there are several folders to notice, such as ‘bin’, ‘doc’, ‘slides’, and ‘tests’, as shown
in Figure 2.1. To download Elmer, click on ‘bin’ and then ‘windows’, and the list of Elmer installers will
appear, as shown in Figure 2.2.

Q00
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2. Windows — Download 7

Index of /pub/sci/physics/elmer/bin/windows

Name Last modified Size Descri

Parent Directory -

ElmerFEM-gui-mpi-Windows-AMDE4-relS.0.exe 2020-11-10 08:58 154M
ElmerFEM-gui-mpi-Windows-2MDE4-relS.0.zip 2020-11-10 08:58 215M
ElmerFEM-gui-mpi-Windows-AMDE4 . exe 2021-02-18 03:37 156M
ElmerFEM-gui-mpi-Windows-2MDE4 . zip 2021-02-18 03:37 217M

ElmerFEM-gui-nompi-Windows-AMD64-rel9.0.exe 2020-11-10 08:55 145M

ElmerFEM-gui-nompi-Windows-AMD64-rel9.0.zip 2020-11-10 08:55 210M

ElmerFEM-gui-nompi-Windows-AMD&4 . exe 2021-02-18 03:33 14%5M

ElmerFEM-gui-nompli-Windows-AMDE4 . zip 2021-02-18 03:33 210M

ElmerFEM-nogul -mpi-Windows-AMDE4d-reld.0.exe 2020-11-10 08:58 9 EM

ElmerFEM-nogul-mpi-Windows-AMDE4d-rel. 0. zip 2020-11-10 08:58 136M

ElmerFEM-nogui-mpi-Windows-AMDE4 . exe 2021-02-18 03:28 96M

ElmerFEM-nogui-mpi-Windows-AMDE4.zip 2021-02-18 03:28 136M

ElmerFEM-nogui-nompi-Windows-AMDE4-rel9.0.exe 2020-11-10 08:47 91M

ElmerFEM-nogui-nompi-Windows-EMDE4-reld.0.zip 2020-11-10 08:47 131M

(P S - - T - T 5 T Y g - 7

ElmerFEM-nogul -nompli-Windows-AMDE4 .exe 2021-02-18 03:12 91M
ElmerFEM-nogul -nompli-Windows-AMDE4 . zip 2021-02-18 03:12 131M
Readmelst.txt 2015-02-05 09%:03 4.1K

Figure 2.2: Elmer Installers

There are four main categories to select from, such as ‘gui-mpi’, ‘gui-nompi’, ‘nogui-mpi’, and ‘nogui-
nompi’. There also some labelled with ‘rel9.0’, which are builds of the most recent official release and
should be considered as the stable builds. The other files not labelled with ‘rel9.0’, are the nightly builds and
are the most recent builds. The nightly builds are actually quite stable, so feel free to start with the nightly
build.

For the first time installing Elmer in Windows, it is recommended to select ‘gui-mpi’, and ‘rel9.0’. The
files with .exe extension are an installer for Windows, which is what is recommended. So out of the entire
list, we want to download this file:

ElmerFEM-gui-mpi-Windows—-AMD64-rel9.0.exe

Conveniently, this is the first file in the directory listing. If you decide to start with the nightly build, then
download this file:
ElmerFEM-gui-mpi-Windows—-AMDG64.exe

which is the third entry in the directory listing. If you can’t decide, download both files and you can try
them out separately.

@0l
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2. Windows — Download 8

2.2 Download Elmer Documentation

Return to this page, this time select ‘doc’ for the most recent documentation for Elmer:

https://www.nic.funet.fi/pub/sci/physics/elmer/

Index of /pub/sci/physics/elmer/doc

Name Last modified Size Descri

Parent Directory -

old/ 2009-08-04 13:52 -

ElmerDocumentation.tar.gz 2021-01-22 19:55 9.8M
ElmerDocumentation.zip 2021-01-22 1%:54 9.8M
ElmerGUIManual .pdf 2021-02-17 14:04 575K
ElmerGridManual .pdf 2020-11-11 09:25% 1.3M
ElmerModelsManual .pdf 2020-11-11 09:2% 1.7M
ElmerOverview.pdf 2020-11-11 0%:25 97K
ElmerParamManual .pdf 2020-08-03 09:00 190K

ElmerProgrammersTutorial .pdf 2015-10-30 13:07 165K

ElmerSolverManual .pdf 2020-11-10 00:40 1.6M
ElmerTutorials—nonGUI.pdf 2021-02-17 14:04 1.6M
ElmerTutorials.pdf 2021-02-17 14:04 5.0M
ElmerguiManual .pdf 2021-02-17 14:04 S7T5K
GetStartedElmer.pdf 2021-02-17 14:04 1.8M
MATCManual .pdf 2020-11-11 0%:29 101K
README. txt 2015-10-28 0%:33 Z2.3K
TexStart.pdf 2021-02-17 14:04 135K
TexTemplate.pdf 2021-02-17 14:04 121K
tutorials-CL-files.tar.gz 2021-02-17 14:14 1.1Mm
tutorials-CL-files.zip 2021-02-17 14:08 1.1Mm

tutorials-GUI-files.tar.gz 2021-02-17 14:14 15M

Ger o o o (o) (o) (o) ) (o) (o) o) ) () (o) o) o] (o) (o) o) e 2 ) Ry

tutorials-GUI-files.zip 2021-02-17 14:08 18M

Figure 2.3: Elmer Doc

Note the two files ending in *.zip and *.tar.gz contain compressed copies of eleven out of fourteen of the
documentation files. Downloading the *.zip file should be sufficient for most Windows users to get started
with Elmer. Feel free to download all documents and all *.zip files in this directory.

@0l
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2. Windows — Download 9

Start with the ‘GetStarted’ manual, which is this document. Then look at these three documents, ‘Elmer-
Tutorials’ for the ElmerGUI tutorials, ‘ElmerGUI Manual’ for instructions about ElmerGUI, and ‘Elmer-
SolverManual’, which describes each solver in detail.

Finally, be sure to download ‘tutorials-GUI-files.zip’, because this zipped folder contains working ex-
amples of ElmerGUI projects, one for each tutorial.

2.3 Download Paraview

Since we are taking care of downloads, let’s go ahead and get Paraview. It’s not really needed to get started
with Elmer and ElmerGUI, but you’ll need it at some point in the near future. Download Paraview now, but
don’t install it just yet. We’ll cover installation of Paraview a little later in this discussion.

Go to the Download section of the Paraview website:

https://www.paraview.org/download/

Select one of the top items, in particular a file ending in .exe, so you will download a Windows installer
version. You should now have a file like this:

ParaView—-5.9.0-RC3-Windows—-Python3.8-msvc2017-64bit.exe
On the Paraview download page, there are several other files, such as ‘getting started’, ‘tutorial’, that

would be very useful to download. This would be a good opportunity to download the instructions for
Paraview.

Q00
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Chapter 3

Windows — Install

3.1 Install Elmer

Navigate to the folder containing the Elmer installer and the documentation zip file. Extract the zip file to
a suitable folder. You should have selected one version of the Elmer installer by now. The installer with
gui-mpi will install ElmerGUI, Elmersolver, Elmersolver_mpi, and Microsoft MPI. This will provide the
capability to run solutions serially or in parallel. To get started with Elmer and ElmerGUI, running solutions
serially is the best way to learn how to use the program. We will cover setting up and running in parallel in
a later chapter. It is suggested to get some experience with serial solutions, then later on refer to the chapter
on Parallel Solutions.

Double click on the Elmer installer .exe file. The installation process should look like figures 3.1 through
figures 3.9 on the following pages.

Windows protected your PC Windows protected your PC

Microsoft Defender SmartScreen prevented an unrecognized app from N oft Defender SmartScreen prevented an unrecognized app from
J. Running this app might put your PC at risk. S unning this app might put your PC

More info App: ElmerFEM-gui-nompi-Windows-AM

Publisher: Unknown publisher

Figure 3.1: Elmer installation, click on the More info button, then Run anyway

You may get a blue screen while beginning the installation. The first blue screen has a small button,
‘More info’, that you must click on to get the second blue screen, where you will click on ‘Run anyway’.

From there just take the default actions up until you reach ‘Install Options’, where you have a chance to
select adding the path to Elmer. Be sure to click on ‘Add Elmer...’, either for all users or for current user.
If you aren’t sure, pick ‘for current user’. Also put a check into the check box for ‘Create Elmer Desktop
Icon’. From here, take the defaults and it should properly install Elmer.

.
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3. Windows — Install
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(7 Elmer Setup - X (&) Elmer Setup - X
License Agreement
Welcome to Elmer Setup 8 Please review the license terms before instaling Eimer.
Setup will guide you through the installation of Elmer. Press Page Down to see the rest of the agreement.
Itis recommended that you dose all other applications Simer - A finit= elements software for multiphysical problems ~
before starting Setup. This will make it possible to update (Copyright (C) 1995~ , CSC - IT Center for Science Ltd.
relevant system files without having to reboot your
computer. This program is free software; you can redistribute it and jor
imodify it under the terms of the GNU General Public License
Click Next to continue, as published by the Free Software Foundation; either version 2
lof the License, or (at your option) any later version.
This program is distributed in the hope that it will be useful,
ibut WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the v
If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install Eimer.
Cancel < Back Cancel
Figure 3.2: Elmer installation, agree to the license
= X

() Elmer Setup

9,

By default Eimer 9.0-Release does not add its directory to the system PATH.

Install Options
Choose options for instaling Elmer

(O Do not add Eimer to the system PATH
(O Add Elmer to the system PATH for all users
(® Add Elmer to the system PATH for current user

[ Create Eimer Desktop Icon

<Back Next >

Figure 3.3: Select Install Option:

% (47 Elmer Setup

9,

Setup will install Elmer in the following folder. To install in a different folder, dlick Browse and
select another folder. Click Next to continue.

(Choose Install Location
Choose the folder in which to install Elmer

Destination Folder

Browse...

Space required: 701.3 MB
Space available: 133.2GB

Cancel Cancel

Add Elmer to the system PATH for current user

If this is the first time installation of Elmer, be sure to select all four components. If upgrading or
reinstalling, then you can uncheck the box for ‘MS MPI’, no need to reinstall MPI.

& Elmer Setup - X & Elmer Setup - X
Choose Start Menu Folder Choose Components
Choose a Start Menu folder for the Elmer shortcuts. 8 Choose which features of Elmer you want to install.
Select the Start Menu folder in which you would like to create the program's shorteuts. You Check the components you want to install and uncheck the components you don't want to
can also enter a name to create a new folder install, Click Install to start the installation.
7-Zip A Select components to install: MS-MPT L=
Accessibility ElmerGUI
Accessories
Administrative Tools ElmerGUI samples
Axosoft, LLC gfortran 10.2.0
Brother
CCleaner
CMake
CodeBlocks
Disk Space Fan 4 Free Space required: 745.5 MB
Edipse e
(100 not create shortcuts
< Back Next > Cancel <Back Install Cancel

Figure 3.4: Select Components, take the defaults

CSC —IT Center for Science




3. Windows — Install 12

(9 Elmer Setup - ﬁ Microsoft MPI (10.1.12498.18) Setup - x

Installing
8 Please wait while Elmer is being installed. [ Welcome to the Microsoft MPI
(10.1.12498.18) Setup Wizard

Extract: libvtkCommonDataModel-8. 2.dll

The Setup Wizard will install Microsoft MPI (10.1.12498.18) on

Show details your computer. Click Next to continue or Cancel to exit the

Setup Wizard.

Back Next Cancel

@

< Back Next > Cancel

Figure 3.5: MPI installation occurs on first installation of Elmer

ﬁ Microsoft MPI (10.1.12498.18) Setup - X ﬁl Microsoft MPI (10.1.12498.18) Setup - x
End-User License Agreement e—t Destination Folder —
Please read the following license agreement carefully { I Click Next to install to the default folder or click Change to choose another. { i

Install Microsoft MPI (10.1.12498.18) to:

MICROSOFT SOFTWARE LICENSE TERMS

MICROSOFT MPI Redistributable C2\Frogram Files\Microsoft MPIy

Change...

These license terms are an agreement between you and Microsoft
Corporation (or one of its affiliates). They apply to the software named
above and any Microsoft services or software updates (except to the

extent such services or updates are accompanied by new or additional v

Iaccept the terms in the Licanse Agreement

Print Back Cancel Back Cancel

Figure 3.6: Agree to the license and take the default directory

[ Microsoft MPI (10.1.12498.18) Setup - X g8 Microsoft MPI (10.1.12498.18) Setup - X
]
Ready to install Microsoft MPI (10.1.12498.18) g )
i Completed the Microsoft MPI
LL (10.1.12498.18) Setup Wizard
Click Install to begin the installation. Click Back to review or change any of your installation Click the Finish button to exit the Setup Wizard.

settings. Click Cancel to exit the wizard.

Back Install Cancel Back Cancel

Figure 3.7: Complete MPI installation

CSC —IT Center for Science



3. Windows - Install 13

If you see the below Figure 3.8 during the installation process, don’t worry, just go ahead and click on
the OK button. This message appears if you have previously installed Microsoft MPI, and as the notice box
says, there is already a version of MPI installed. This will happen every time you install a newer version of
Elmer with MPI, regardless of whether you uninstall Elmer first, or if you just install a newer version on top
of an old version. The Elmer uninstaller doesn’t uninstall Microsoft MPI, so if you want to uninstall MPI,
you will have to go find the right instructions from Microsoft.

r\ Installing
Q) Please wait while Elmer is being installed.

Execute: C:\Program Files\Elmer 9.0-Release yedist\msmpisetup.exe

MS-MPI Installation failed with error code 50. A version of MPI
that is the same or newer is already installed.

-

Figure 3.8: Don’t repeat MPI installation, click on OK

7 Elmer Setup —

Completing Elmer Setup

Elmer has been installed on your computer.

Click Finish to dose Setup.

Figure 3.9: Complete the Elmer installation

After the installation process has finished, you should see an icon on the desktop for ElmerGUI. Go
ahead and double click on the icon to start ElmerGUI. Please refer to the ElImerGUI manual for instructions
on using ElmerGUI, and try out the first tutorial.

Since Paraview hasn’t been installed yet, after loading the first tutorial if you click on the ‘Run’, then on
‘Start Paraview’, nothing much will happen. If you hover the cursor over the flag after clicking on it, you

.
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3. Windows - Install 14

will see in the lower left of the window the message ‘Unable to start Paraview’. In the meantime, to start
ElmerVTK click on the top menu bar icon ‘Run’, then click on ‘Start ElmerVTK’.

3.2 Install Paraview

Navigate to the folder containing the Paraview installer. Double click on the installer to start the installation
process. There really aren’t any options that need to be selected or changed for a successful installation. The

installer won’t create a desktop icon, but will create an entry in the Start menu.

The installer will not add Paraview to the system path, we will have to perform that step ourselves.

Q00
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Chapter 4

Windows — Path to Paraview

4.1 View the Path to Elmer

If we set the path to Paraview, then ElmerGUI will be able to start Paraview from inside of ElmerGUI. In
other words, with a proper path setting, clicking on ‘Start Paraview’, will start Paraview and load the current
vtu file, if it exists.

To set the path after installing Paraview, click on ‘Start’, then ‘Settings’. As shown in figure 4.1, start
typing in the search box ‘environment’, then select the result for ‘Edit environment variables for your ac-
count’.

Settings

Get even more out of Windows

R With a few quick selections, you'll be on your wa
weal Accoun experience.

Sign In | et's gn! '1\'i|: for now

envi

B2 pdit environment variables for your account

B Edit the system environment variables ‘] Ph

E Systen

isplay, sound, r ATions BiUetocth, printers, mouse

R Btk 9 Lot —d Deremmalivatine S

Figure 4.1: Settings: Search for Environment variables

Q00

CSC —IT Center for Science BY NG



4. Windows — Path to Paraview 16

As part of the operation of the Elmer installer, the path to Elmer will be created. Let’s verify that the path
to Elmer exists. Open the window then select ‘path’ and click ‘edit’, as shown in figure 4.2. Notice Elmer is

at the bottom of the list, since it was the most recently installed program.

User variables for Rich

idows

n your way to enjoying the full Microsoft

Variable Value
ELMER_HOME C\Program Files\Elmer 9.0-Release
ELMERGUI_HOME C:\Program Files\EImer 9.0-Release\share\ElmerGUI
OneDrive C\Users\richa\OneDrive
OneDriveConsumer C\Users\richa\OneDrive 1
Path C\Users\richa\AppData\Local\Microsof Edit environment variable x
TEMP C\Users\richa\AppDataLocal\Temp
TMP C\Users\richa\AppData\Local\Temp C\Users\richa\AppData\Local\Microsoft\WindowsApps New
C:\Program Files\CodeBlocks\MinGW\bin
New. CA\Mingwimingwb4\bin Edit
Ch\Tools\ffmpeg\ffmpeg-win-2.2.2
C\Code\boost\boost_1_72_0\b2\bin B
System variables %USERPROFILE%\AppData\Local\Microsoft\WindowsApps
Variable Value Ch\Tools\MikTex\miktex\bin\x64\ Delete
ComSpec CA\WINDOWS\system32\cmd.exe
DriverData C\Windows\System32\Drivers\DriverD
NUMBER_OF_PROCESSORS 8
0s Windows_NT
Path C:\Pragram Files (x86)\Common Files\(QJ Move Down
PATHEXT .COM.;.EXE;.BAT; CMD; VBS; VBE,JS; JSE; M
PROCESSOR_ARCHITECTU... AMD64
cemmTmmmmmees Tt e —1 Edit text...
New
corrast
oK Cancel

Figure 4.2: Path to Elmer installation

4.2 Add the Path to Paraview

While you have the path variable open for editing, click on ‘new’, and enter the path to Paraview.

One way to find out what is the exact path to your installation of Paraview is as follows. Open File
Explorer and select your system drive, such as C:, then open Program Files and then open the folder for
Paraview. Next open the bin folder and you will see an entry for Paraview.exe, this is the location that you
want to enter into the path, as shown in figure 4.3.

Q88
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4. Windows — Path to Paraview 17

bin
Share View
u gy Cut X % New item ~ @ ¢ Open Bﬂ Select all
Wl Copy path J fj Easy access ™ Edit Select none
paste Ji] Paste shorteut TOO":E igm DeI'ete I f?l?:l":r Propfmes - Histary EF‘ Invert selectior
lipboard Organize New Open Select
» This PC > Local Disk (C) * Program Files > ParaView 5.9.0-RC3-Windows-Python3.8-msvc2017-64bit > bin »
~ Name Date modified Type - Size
DLLs 2/8/2021 239 PM File folder
iconengines 2/8/2021 2:40 PM File folder
imageformats 2/8/2021 2:40 PM File folder
Lib 2/8/2021 2:40 PM File folder
paraview-59 2/8/2021 2:40 PM File folder
platforms 2/8/2021 2:40 PM File folder
sqldrivers 2/8/2021 2:40 PM File folder
styles 2/8/2021 240 PM File folder
I paraview.exe 12/21/2020 3:32 PM Application 871 KB
pvbatch.exe 12/21/2020 3:32 PM Application 22 KB
pvdataserver.exe 12/21/2020 3:32 PM Application 16 KB

Figure 4.3: Select the path to Paraview

Copy the path to the bin folder into the new path environment variable. Tip: you can actually copy and
paste the path from File Explorer into the new environment path variable, as shown in figure 4.4.

bin
Share View
u gy Cut x % New item ~ @ Open E Select al
W.] Copy path Tj Easy access ~ Edit Select n¢

Move  Copy Delete Rename New Properties
to to M folder M

Paste

|i] Paste shortcut ~ History DD Invert se

Zlipboard Organize New Open Select

‘ C\Program Files\ParaView 5.9.0-RC3-Windows-Python3.8-msvc2017-64bit\bin

~

Name Date modified Type Size

DLLs 2/8/2021 239 PM File folder

iconengines 2/8/2021 2:40 PM File folder

imageformats 2/8/2021 2:40 PM File folder

Lib 2/8/2021 2:40 PM File folder

paraview-5.9 2/8/2021 2:40 PM File folder

platforms 2/8/2021 2:40 PM File folder

sgldrivers 2/8/2021 2:40 PM File folder

styles 2/8/2021 2:40 PM File folder
I paraview.exe 12/21/2020 3:32 PM Application 871 KB
pvbatch.exe 12/21/2020 3:32 PM Application 22 KB
pvdataserver.exe 12/21/2020 3:32 PM Application 16 KB

Figure 4.4: Copy the path to Paraview
Not completely necessary, but just suggested, you may want to move the path to Elmer up to the top of
the list, as shown in figure 4.5.

Finally, move the entry for the path to Paraview up to just under the path to Elmer, as shown in figure 4.5.
Click ‘ok’ to save your edits, then exit settings.

.
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User variables for Rich

Windows Update
Last checked: 14 hours
ago

Web browsing

Variable Value @ Restore

ELMER_HOME C\Program Files\Elmer 9.0-Release . recommended

ELMERGUI_HOME C\Program Files\Elmer 9.0-Release\share\EimerGUI

OneDrive CA\Users\richa\OneDrive

OneDriveConsumer CAUs Edit environment variable X

Path CA\Prg

TEMP C\Us

T™MP C:\Us C\Program Files\Elmer 9.0-Release\bin New
C\Program Files\ParaView 5.9.0-RC3-Windows-Python3.8-msvc2017-64bit\bin
ChUsers\richa\AppData\Local\Microsoft\WindowsApps Edit
C\Program Files\CodeBlocks\MinGW\bin
C\Mingw\mingw64\bin Browse...

System variables ChTools\ffmpeg\ffmpeg-win-2.2.2

Variable Value S:\Code\boost\boustj_72_0\b2\bm_ i Delete
%USERPROFILE%:\AppDatalLocal\Microsoft\WindowsApps

ComSpec CAWI . : .

3 . ChTools\MikTex\miktex\bin\x64Y

DriverData CAWiI

NUMBER_OF_PROCESSORS 8 Move Up

0s Wind

Path Ci\Prd Move Down

PATHEXT COM;

PROCESSOR_ARCHITECTU... AMD:

e — P Edit text...

contrast

Figure 4.5: Create new path to Paraview

4.3 Start Paraview from within ElmerGUI

Open ElmerGUI, and click on ’Run’, then ‘Start Paraview’, you should see a pop up window that says
‘Paraview Starting’, followed by Paraview actually starting. If you see an output window containing a red
statement like ‘critical: In unknown, line 0’, don’t worry, it just means there wasn’t a valid .vtu file found.
Run a tutorial, or find a valid .vtu file, and try again, Paraview should load the .vtu file and display a blank

grey screen.
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Chapter 5

Introduction to Paraview

If you have loaded a valid Elmer .vtu file, upon opening Paraview you will see a blank grey screen, and many
small icons, as shown in Figure 5.1.

I paraview 550-5C3

ers cxvaciors Tools Coabst nacos el

BRO W FRE HA>DMS 7 & .,
i s > > o XMiedbhdakc? [Be6G
XI11 LIl y o

of (o8t Time: 0 e Tmes 1

[ case 000+ [Cat Aoy~

Erable Ry Traang

Figure 5.1: Initial Paraview screen

On the left side of the screen, as shown in Figure 5.2, near the middle is a light green button ‘Apply’.
Click on that button and the geometry will appear.

)\pEI\HE Browser (=] MW ParaView 5.9.0-RC3
ﬁ‘ FEile Edit View Sources Fiters Extractors Tools Catalyst Macros Help
builtin: . - -
i BELET BRO 0 FRE MAD>DMS b o @ @,
case_t0001.vtu B R R S s - Sutce - wadbhgAnce? (B
E9REBDOE=2H tRALSRRFRL L
Ppeline Browser ©8 | Muyots1® | +
8 bun: PR oA @
»
Properties Information
sroperties (=)
S - | Propertes | formaton
| i’ Apply ‘ @ Reset 3 Delete ? Propeities es
- e = % velete ?
Search ... (use Est to clear text) T} Search . (use Esc
N = Properties (case_t000Lvtu) E] Cle-
= Properties (case_t00D1.vtu) =] bl | | | o
V! 7 Geometryas
/| Cell/Point Array Status ® Ve
v % potential
V| (7 Geometrylds P
VR Time ArTay ione
- £ [s]
V| 2% potential Display (UnstructuredGridRepres | = Cld
Representoton | surface =
Coloring
Time Array one ® solid Color -
e @ | %) | B @ Anmotonview
o ] & Mode:| Sequence ~ [rime: 0.00 oot (rom)start Time: 0 £ end Times

Figure 5.2: Left side click Apply, right side geometry appears

@0l
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5. Introduction to Paraview 20

Next, look on the left side below the window showing the variables, as shown in Figure 5.3, for a box
labelled ‘Coloring’. Click in that box for a drop down selection, pick ‘potential’, then click ‘Apply’. The
potential will appear superimposed on the geometry, along with a color bar with the range of the potential.

i Apply 0 Reset | 8 Delet

|Search ... (use Esc to clear text) M Paraview 59.0-RC3
~ Fle Edt Vew Sowces Fifers Eradors Tools Catayst Macros telp
= Properties (case_tD0D1.vtu) | EREFET DR we FRE KAPPME i o] &8

v Cell/Paint Array Status CICE R B L (B gl suree ) wadblgasc 2 (B8
v 7 Geometryids BEOERRNTOEELO®0 R DBEFEFRL &
v o b Pipeline Browser @‘ Pltoyout s189 ‘ .

s i butn: I ERFFEE YRR E=E]
v 50 potential @

Time Array None

P —

Properties
== Display (UnstructuredGridRepres ||§ Apply | @reset || % oelete |
— [Search .. (use Esc to dlear text)

Representation |Surface = Froperues (saiuoul] 8B
a /| Cell/point Array Status

Coloring V| (¥ Geometrylds

Vb

V| 5% potential

Solid Color
b

Time Array  one

potential = Display (Unstructured: || (5|

Represertation | surface

Geometrylds

Coloring

Animation View

1]
Mode: Sequence = Time:[0.00 o Tlorcomsurrme(s & |ena tmeds & |no. Fromesi |

\ © potential

Figure 5.3: Initial Paraview screen

That is a very basic introduction to Paraview. For more information, refer to the Paraview website.

| oNoe
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Chapter 6

Introduction to ElmerVTK

ElmerGUI is equipped with ElmerVTK, a graphical post processor. While ElmerVTK is not as powerful as
Paraview, ElmerVTK is simpler to use. After a successful ElmerSolver run, start ElmerVTK by clicking on
‘Run’ on the top menu bar, then click on ‘Start ElImerVTK’, as shown in Figure 6.1.

E ElmerGUI - C;/Code/Elmer/elmerfem-manuals - Copy/tutorials-GUI-files/HorseShoeGUI

File Mesh Model View Sif | Run Help

0 M| & Parallel settings.. Pv o ¢|¢ ¢|¢ kel % C
5| Start solver
: U Kill solver
Input file hol » Show convergence
- Body
+- Boundary P! Start EImerPost
= Model T -
ElmerPost
-l Equation [AtU - neres
Equation 1 Start EImerVTK
-1 Material [Ac
Air M Start ParaView
Iron
IronPlus Compiler.. H
IronMinus AT o
Body force [Add..] g

5

Initial condition [Add..]
-- Boundary condition [Add..]
FarField

5
5
i

1
o

[
E

i
e
AL

4

Figure 6.1: Start ElmerVTK

The ElmerVTK window will open, displaying the geometry, as shown in Figure 6.2. Click on the menu
bar for the ‘Isocontours’ menu. In two places, variable and color, click for the drop down menu and select

‘potential’.

DS
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6. Introduction to ElImerVTK 22

E EimerVTK postprocessor E

File Edit View Help

Surfaces Vectors | Isocontours Isosurfaces ~Streamlines | Colorbar | Text | Preferences
Surfaces Vectors Isocontours Isosurfaces Streamlines | Colorbar | Text

Redraw

Preferences

E Iso contours ? X

Contour control

Variable: |potential =
Min -0.894003 max: [0.218828

Contours: 10 E|: [ Keep limits
List:

Color control

Color: potential -
Null

M
b_x

by

bz

Appearance b_abs
nodes_x
nodes_y
nodes z

I use tube"Tier

[™ use dlip plane Tube radius: |1 3:

Info

Separate list values by semicolons (for example: 1.0;
2.0;3.0). f the list is non-empty, it will be used
Otherwise, evenly spaced values between min and
max will be generated

 Apply @ cancel ‘ « ok ‘

x+ x- yz+ yz- o+ o || [1.0000000000 = visplace ||| 11

X+ wy- vzt y 2o e |||[Loo00o00000 = oisplace || 11 _p———

Figure 6.2: ElmerVTK showing geometry, select Isocontours

The isocontours of potential will show, superimposed on the geometry, as shown in Figure 6.3. The

number of isocontours look a little sparse, so open up the Isocontours menu again, and this time change
number of ‘Contours’ from 10 to 50. That looks better.

E FElmerVTK postprocessor
E ElmerVTK postprocessor

File Edit View Help
File Edit View Help

Surfaces Vectors | Isocontours Isosurfaces Streamlines | Colorbar | Text | Preferences | Redraw
Surfaces Vectors | Isocontours Isosurfaces Streamlines | Colorbar | Text | Preferences | Redrav

Figure 6.3: Isocontours of potential, 10 on left, 50 on right
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Next, let’s add a color bar, as shown in Figure 6.3, so we can see the range of values shown on the plot.

E EimerVTK postprocessor

- (] x
File Edit View Help
Surfaces Vectors | Isocontours Isosurfaces Streamlines

Colorbar | Text | Preferences | Redraw

Surfaces Vectors | Isocontours Isosurfaces Streamlines

Colorbar | Text

Preferences | Redraw

.

E Colorbar

Control

Color map: [Isocontour
Surface
Layout Vector
e
(# Horizont; Isosurface
Streamline
 Vertical

Width: [0.1

Length: |0.9

[ Annotate field name

Apply Q concel + ok ‘

potential
-0.894 -0.616 -0.33 -0.0594 0.219
x+ x- yz+ y=- o+ 2 |[|[1.0000000000 = pisplace ||| 171 _f——— Fiay w+ - yz+ yz =+ ze |||[1.0000000000 = pisplace ||| 11 _|——— Py

Figure 6.4: Add a Color Bar

We used a 2D example, so the choice of Isocontours made sense. If we had used a 3D example, like the
first heat tutorial, then Isosurfaces would make more sense.

As promised, ElmerVTK is fairly simple to use, and will make some pretty nice graphics in a short
amount of time.
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Chapter 7

More Information — Elmer

7.1 Windows — Open a Command Prompt Anywhere

Most Windows programs use the graphical interface and so most Windows users have little experience using
the command prompt. Being proficient with the command prompt is useful when working with Elmer, such
as running Elmergrid or running Elmersolver.

Windows includes the command prompt window and also Powershell, which is a more recent version.
For our purposes, either one is sufficient, and these notes will apply to both.

First, one can open a command window by clicking on the Start button, and then just start typing ‘com-
mand’, and select the bar for ‘Command Prompt’. Likewise, click on the start button and start typing
‘powershell’, and select the bar for ‘PowerShell’. From here on to make things simpler, we will only use
‘Command Prompt’ for these examples.

The Command Prompt window will open, and the default directory (C:/Users/...>) will be shown with
a blinking cursor. Since the default directory is almost never the directory you want, there must be a better
method of opening a command prompt window.

Windows includes File Explorer, which most people use all the time to navigate directories and files
within Windows. One way to open File Explorer is to click on the start button, and start typing ‘file ex-
plorer’ and select the bar for ‘File Explorer’. You may already have shortcuts to open File Explorer on your
desktop or on the taskbar, so use whatever method you prefer to open File Explorer.

Let’s assume that you have already created C: /Elmer/PassiveElements, by copying one of the
tutorials. Open File Explorer and navigate to the PassiveElements folder. You will see the folder with the
directory contents on the right, and there will be a bar near the top containing: This PC > Local Disk

(C:) > Elmer > PassiveElements.

v = | PassiveElements

IE [H preview pane [ Extra large icons (& Large icons & Medium icons [ Group by * [ tem check boxes
3 small icans B List {2 Details [T Add columns = File name extensions
Navigation [[H petails pane  E- 5= - osert ., Hide sele
v -} P 5° Tiles 2= content ¥ by~ [@isizeal comnstofit [ Hidden items items
Panes Layout Current view showhide
« ~ 1 » ThisPC > Local Disk (C) > Elmer > PassiveElements v O £ Sea

“  Name

# Quick access
I Desktop
¥ Downloads

¥ egprojectxml

] mesh.boundary

1 mesh elements

Figure 7.1: File Explorer
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7. More Information — Elmer 25

Click in the bar with the mouse, and the contents will change to: C: /Elmer/PassiveElements,
and will be highlighted in blue.

' M = | PassiveElements
Home Share View
[‘ [TH Preview pane &l Extra large icons [&] Large icons == Medium icons I Group by ~ [ item check boxes
=3 Small icons CEE List 1] Add columns = File name extensions R
MNavigation = Hide sel
paae - [Hpetais pane =7 rije 2= Content M by~ £ size all columns to fit [ Hidden items iterr
Panes Layout Current view Showyhide
— v 1 ‘ IC:\Elmer\PassiveElements] ~ (@] O Se:
R ~
Name Date modified Type Size
A Quick access
I Desktop E egprojectxml 4/5/2021 2:37 PM XML File 110 KB
& Download | mesh.boundary 4/5/2021 2:37 PM BOUMDARY File 7KB
ownioads ["1 mach alamantc AISF2021 227 DM FI EMENTS Fila A1 KR
Figure 7.2: Highlight in Blue
While the content is highlighted blue, type ‘cmd’ and press enter.
| = | PassiveElements
Home Share View
[] TH Preview pane &) Extra large icons =] Large icons =l Medium icons [ Group by ~ [ item check boxes
2t Small icons ist |]_T_|Ac|d columns * File name extensions I :
Navigation i - Sort Hide sele
paie - [Hopetails pane = rijes == Content M by~ FE Size all columns to fit [ Hidden items ftems
Panes Layout Current view Show/hide
&« v 1 - O Sear
Search for "cmd” Size
s Quick access
M Deskiop —emoTrECTET S — - 110 KB
# Download | meshboundary 4/5/2021 237 PM BOUNDARY File 7KB
ownioads [ mach alamants 47502071 227 DM FI EMENTS Fila A1KR
Figure 7.3: Type in cmd
A command prompt window will open up, and will be located in the PassiveElements folder.
B
Home Share View
[I TH Preview pane &Z| Extra large icons [&=| Large icons == Medium icons l Group by ~ O ttem e
<t small icons FRE List |]i|Add columns ~ File na
Navigation Detail - - == o
s [TH Details pane Si- Tiles == Content B by ﬁ Size all columns to fit ] Hiddel
Panes Layout Current view
« v o > This PC » Local Disk (C:) > Elmer > PassiveElements v

# Quick access
I Desktop
¥ Downloads

Figure 7.4: Command prompt window
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7. More Information — Elmer 26

One can use the same method to open a Powershell window. While the content is highlighted blue, type
‘powershell’ and press enter.

%] = | PassiveElements
Home Share View
[‘ [TH Preview pane EX| Extra large icons [&=] Large icons == Medium icons l Group by ~ [ Item check boxes
=25 Small icons EEGE List 2== Details DjAdd columns * File name extensions
Navigat i B . = - Sort Hide selt
E;Ia\elaa: - [H etais pane £ ries = Content - h;' £ size all columns to fit [ Hidden items ‘ itsem
Panes Layout Current view Show/hide
« ~ 4 - 5 Sea
powershell
Search for "powershell” Size
3 Quick access
B Deskiop regorTECTeT - —— ~ 110 KB
| | mesh.boundary 4/5/2021 2:37 PM BOUNDARY File TKB
¥ Downloads ~ o
1 mesh.elements 4/5/2021 2:37 PM FI FMFNTS File A1 KR
Figure 7.5: Type in powershell
A Powershell window will open up, and will be located in the PassiveElements folder.
] =
Home Share View
[I TH Preview pane &f| Extra large icons [&=| Large icons ai=| Medium icons l Group by ¥ [ terr
=t Small icons EEEF List :== Details [|i|Add columns ~ File
Navigation ; == = — Sort
pane * [8 Details pane B rijes 5= Content M by~ £ Size all columns to fit [ Hidh
Panes Layout EX Windows PowerShell
- v 4 > ThisPC > Local Disk (C) > Elmer > PARICTAL

Copyright (C) Microsoft Corporation

~
Name

Try the new cross-platform PowerShe

s Quick access

B jectxml .
I Desktop B egprojectum PS C:\Elmer\PassiveElements>

¥ Download || mesh.boundary
ownloads

1 mech alameante

Figure 7.6: Powershell window

The command prompt accepts many commands, such as type ‘dir’, press enter, and a directory listing
will appear with the files inside the current folder. Changing directories is done with the ‘cd’” command.
Type ‘cd .. to change to the parent directory, and type ‘cd PassiveElements’ to change back to the sub
folder. If you use the File Explorer and cmd approach to open your command prompt windows, you won’t
need to use ‘cd’ much.

7.2 'Windows — Batch files

A typical use of the command prompt in Elmer will be to run Elmergrid and Elmersolver. One can also use
batch files to run Elmergrid and Elmersolver, which can be handy and sometimes faster. For example, use a
text editor such as Notepad to create a text file named run.bat with the following contents:

elmergrid 1 2 mesh
pause

elmersolver

pause

This assumes you have a valid elmergrid geometry input file named mesh . grd, an elmer sif file named
case.sif, and a file named ELMERSOLVER_STARTINFO in the same folder as the batch file. In File

.
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Explorer, double click on the file run.bat and a command window will open and Elmergrid will execute,
followed by a pause. Press any key, and elmersolver will execute, followed by a pause. You have run an
Elmer case inside a command window, but without having to actually open a command window or type any
commands in the window. If you are running the same example over and over, and making changes to the
sif file each time, then using a batch file will save some time.

7.3 Tutorial files

The Elmer Documentation that was previously downloaded includes working examples of the tutorials, in
the folders named tutorials-GUI-files and tutorials-CL-files. These folders include the
geometry input files and the egproject files.

7.4 Elmerfem test files

The source code for Elmer is located on github, at https://github.com/ElmerCSC/elmerfem.
Open that webpage, click on the green button that says Code, and select Download ZIP. The zip file will
download, copy the file to a good folder, such as C: /E1lmer and extract the contents. A new folder named
elmer fem will contain the source code for the Elmer suite. Open the sub folder e lmerfem/fem/tests
and you will see about 700 folders, one for each test case. Each test folder will have all the files needed to
run each test. Searching through the 700 folders for a particular solver will lead one to the desired tests.

7.5 ElmerGrid sample files

If you download the github repository as described above in the Elmerfem test files section, there is a folder
elmerfem/ElmerGUI/samples/grd that contains samples of elmergrid input files. These samples
plus the ElmerGrid manual will help get started with ElmerGrid.

7.6 Elmer Forum

The Elmer user forum has many years of history, from many users.
http://www.elmerfem.org/forum/

There are quite a few example cases contributed by users, and are described nicely in the sub-forum,
‘Contributed Cases’.

7.7 Elmer on Youtube

There are many videos on Youtube about Elmer, here’s a link:

https://www.youtube.com/user/elmerfem/videos

Q00
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Chapter 8

Elmer and Parallel Solutions

Running Elmer solutions in parallel is not difficult, whether run from a command prompt or from within
ElmerGUI. As always, make sure you have a project that runs to completion in serial, with a single proces-
sor, then you can convert to a parallel run. Tip: set up your test project using paths and directories using
hyphens and underscores instead of spaces. Refer to section 8.4 Spaces in path to project for
more details.

8.1 Test serial operation

Let’s run an example in serial operation, to make sure we have a working example. We will also compare
the example directory contents between serial and parallel operation, so running the serial example first will
be helpful.

Start by creating a new folder that we will use to hold several example directories. We willuse C: \Elmer,
but you can use whatever folder make sense.

Next, let’s select an example tutorial to work with, such as F1owStepGUTI, and copy the tutorial folder
from tutorials—-GUI-files into our new folder.

Then copy the newly copied tutorial folder and paste it twice into our new folder, so you end up with
three identical folders as shown in Figure 8.1.

Elmer
Share View
& Cut = x -<I| U New item - ﬂ_ + Open - [Hse
= Copy path « 7 | Easy access ¥ Edit Se
Paste ) Move Copy Delete Rename New Properties .
7| Paste shortcut o o - folder - £ History DD Iy
Zlipboard QOrganize MNew Open
* This PC * Local Disk (C:) * Elmer
“ Name Date modified Type
3ills FlowStepGUI 7/3/2021 2:53 PM File folder
? FlowStepGUI - Copy 2021 2:54 PM File folder
s FlowStepGUI - Copy (2) 7/3/2021 2:54 PM File folder
age

Figure 8.1: Setup example folders
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8. Elmer and Parallel Solutions 29

Let’s rename two of the three folders, so we can keep track of our work. Add a suffix of ‘serial’ and of

‘parallel’, as shown in Figure 8.2. Don’t rename the folder ending in ‘- Copy’, we’ll need it later on.

Elmer
Share View
= gy Cut x |%New item ~ Q Open HHSeI
D Wl Copy path Tj Easy access ™ v Edit Sel
Paste E' e SR I\;l(;:u‘.-'e Ctgp;.-' DeI'ete Rename f;fj":r Propfr‘ties o History DDImf
Clipboard Organize New Open :
» This PC *» Local Disk (C) > Elmer >
# ™ Name - Date modified Type
FlowStepGUI - Copy 7/3/2021 5:10 PM File folder
Bills FlowStepGUI-parallel 7/3/2021 2:54 PM File folder
R FlowStepGUI-serial 7/3/2021 2:53 PM File folder
'S

Figure 8.2: Rename two of the example folders

Open the folder FlowStepGUI-serial containing the Flow Step tutorial, there will be 6 files as

shown in Figure 8.3.

| FlowStepGUI-serial

Share Wiew
‘—‘l Cut x % New item ~ @ Open BH Select all
Wl Copy path Tj Easy access ~ Edit Select none
Paste Move Copy  Delete Rename MNew Properties .
[7] Paste shortcut to 1o - folder i History DD Invert selection
Clipboard Organize MNew Open Select
- > This PC » Local Disk (C:) *» Elmer > FlowStepGUI-serial W [&] 2 SearchF
~ Name Date modified Type Size
egprojectxml 6/25/2021 11:35 AM XML File 128 KB
a mesh.boundary 6/25/2021 11:35 AM BOUNDARY File 14 KB
a mesh.elements 6/25/2021 11:35 AM ELEMENTS File 300 KB
a mesh.header 6/25/2021 11:35 AM HEADER File 1KB
ﬂ mesh.nodes 6/25/2021 11:35 AM NODES File 233 KB
a step.grd 6/25/2021 11:35 AM GRD File 2KB

Figure 8.3: Tutorial files
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Start ElmerGUI and Load Project from the folder FlowStepGUI-serial. Once the project has
loaded, click on Run, Parallel Settings, you should see the settings window as shown in Figure 8.4. Verify
that the box Use parallel solver IS NOT checked. Click on the Accept button at the bottom of

the window.

E
9 f= =]
Object |Va|ue
=~ Geometry
Input file step.grd
=~ Body
= Body Propert... Body 1in sif
Equation  Navier-Stokes
Material Ideal
=~ Boundary
Boundary 1 Inlet
Boundary 2 Qutlet
Boundary 3 Walls
= Madel
=~ Equation [Add..]
Navier-Stokes
= Material [Add..]
Ideal
Body force [Add..]
Initial condition [Add..]

= Boundary condition [Add..]
Inlet
Qutlet
Walls

E Parallel settings ?
General settings
2 Eli

I Use parallel solver Number of processes:

System command to launch the parallel solver

Browse

Executable: |C:/F’rugram Files/MPICH2/bin/mpiexec.exe

Arguments: |\/hst PATH,ELMER_HOME ElmerSolver_mpi.exs

System commands for domain decompasition

Divide: |ElmerGrid 2 2 %6msh -metis %n

Merge: ‘ElmerGr\d 15 3 %ep -partjoin %n
[ Skip mesh partitioning

Legend

%n is the number of processes (spinbox above)
s6msh is the mesh directory (File -> Load/Save...)

Defaults & Accept

Figure 8.4: Run, Parallel Settings

Click on the right green arrow to ‘Generate and save sif, save project, then run the solver’. The solver
log window and the convergence history window should pop up and the solver will finish in 4 or 5 seconds.

Refer to Figure 8.5.

7 " @ e e RO (SR W
E Solver log - [m] X
File Edit Preference
@ E 2| X C o

1 0.4047E-08
1 0.4047E-08

ComputeChange: NS (ITER=10) (NRM,RELC): ( 0.43472846
FlowSolve: iter: 10 Assembly: (s) 0.15 152
FlowSolve: iter: 10 Solve: (s) 0.02 2.68

FlowSolve: Result Norm 0.43472845761239900
FlowSolve: Relative Change :
ComputeChange: 55 (ITER

2.0526513969357172E-009

(NRM,RELC): (043472846 2.0000000

ResultOutputSolver: -—
ResultOutputSolver: Saving with prefix: case

ResultOutputSolver: Creating list for saving - if not present
CreatelistForsaving: Field Variables for Saving

ResultOutputSolver: Saving in unstructured WTK XML (.vtu) format
VtuOutputSolver: Saving results in VTK XML format with prefix: case
VtuOutputSolver: Saving number of partitions: 1

ResultOutputSolver
ElmerSolver: **= Elmer Solver: ALL DONE ***
ElmerSolver: The en

SOLVER TOTAL TIME(CPU,REAL): 436 436
‘ELMER SOLVER FINISHED AT: 2021/07/04 10:59:38

Convergence histy

q]

0.20526514E-08 ) :: navier-stokes

) 52 navier-stokes

E
9 - ==Y =R |
Object ‘Value \
= Geometry
Input file step.grd
= Body
= Body Propert... Body 1insif
Equation  Navier-Stokes
Material Ideal
= Boundary
Boundary 1 Inlet
Boundary2  Outlet
Boundary3  Walls
=- Model
= Equation [Add..]
Navier-Stokes
= Material [Add..]
Ideal
Body force [Add..]
Initial condition  [Add..]
= Boundary condition [Add..]
E
10
g i
0.1
& o001
5 o0.001
© 0.0001
2 1e05
" 1e06
T 1le07
& 108
1e-09
—T—T—T—T—
0 05 1 15 2 25
Ready

— T T
3 35 4 45 5 55 6
Iteration step

Figure 8.5: Solver Log and Convergence History
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8. Elmer and Parallel Solutions 31

Take a look at the folder FlowStepGUI-serial, now there will be 9 or 10 files, as shown in Fig-
ure 8.6. The file ‘case.sif’ was generated by ElmerGUI and the file ‘case_t0001.vtu’ is the Paraview results
file.

FlowStepGUI-serial -

Share View

Cut X FJ Mew item ~ \/] Open E Select all
| W] Copy path

5_] Easy access ™ Edit Select none
Paste R Move  Copy Delete Rename New Properties .
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Z egprojectxml XML File 27 KB
|| ELMERSOLVER_STARTINFO e 1KB

ﬂ mesh.boundary
ﬂ mesh.elements
ﬂ mesh.header
i] mesh.nodes
ﬂ step.grd

Figure 8.6: Sif and Vtu files

8.2 Parallel settings in ElmerGUI

We are almost ready to run our example in parallel, but first we must verify the required settings. The default
settings for parallel operation may not work, so we may need to adjust the settings before beginning parallel
solutions. ElmerGUI will store the settings so we only need to go through this step once. Of course, if a
new version of ElmerGUI is installed, then we will need to verify the settings again. Typical settings for
ElmerGUI in Windows 10 are shown in Figure 8.7.

To activate parallel solutions, check the check box for Use parallel solver. To change back to
serial solution, uncheck this box. Second, adjust the Number of processes to match the number of
physical processors in your system.

Third, enter the name of the executable for MPI. For Windows, the Elmer Installer will install Microsoft
MPI the first time the installer is run, and the name of the executable is mpiexec. The Microsoft MPI
installer will add C:\Program Files\Microsoft MPI\Bin\mpiexec.exe to the system Path,
so you should not need to add the directory path to the executable, so just enter mpiexec.

When using Linux (such as in the Elmer Virtual Machine), the MPI executable is named mpirun, so
one would add mpi run into the Executable box.

Fourth, enter the following into the Arguments box: —n %$n ElmerSolver_mpi.exe. The ‘“n’
indicates that the number of processes will be next, followed by ‘%n’ which is a variable placeholder equal
to the number of processes selected in the second step above.

Fifth, enter the following into the Divide box: ElmerGrid 2 2 %msh -partdual -metiskway
%$n. This command calls ElmerGrid with formats 2 and 2, meaning input an Elmer mesh.* and output an
Elmer mesh.*. The %msh is a variable placeholder equal to the Mesh name. The commands -partdual and
-metiskway are commands used by ElmerGrid when calling Metis to perform the partitioning of the mesh.
Finally, the %n is a variable placeholder equal to the number of processes selected in the second step above.

The Merge box is not needed because Paraview takes care of merging the resulting .vtu files when
displaying the results.

Click on the Accept button at the bottom to save your settings and close the window.
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E Parallel settings ? ol

General settings

Iv Use parallel solver MNumber of processes: 2 3:

System command to launch the parallel solver

Executable: |mpiexe C.EeXe Browse

Arguments: |-r1 %an ElmerSolver_mpi.exe
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Legend
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2omsh is the mesh directory (File -> Load/Save...)
Defaults W Accept

Figure 8.7: Parallel settings in ElmerGUI

8.3 Test parallel operation

Start ElmerGUI and Load Project from the folder FlowStepGUI-parallel. Once the project has
loaded, click on Run, Parallel Settings, you should see the settings window as shown in Figure 8.7. Verify
that the box Use parallel solver IS checked. Click on the Accept button at the bottom of the
window.

Click on the right green arrow to ‘Generate and save sif, save project, then run the solver’. The solver
log window and the convergence history window should pop up and the solver will finish in 2 or 3 seconds.
Refer to Figure 8.8.

Take a look at the folder FlowStepGUI-parallel, now there will be 14 or 15 files, as shown in
Figure 8.9. The file ‘case.sif’ was generated by ElmerGUI and the four files like ‘case_4npl_t0001.vtu’
are the Paraview results file for each of the four partitions. The file ‘case_t0001.pvtu’ is new, and is the
Paraview result file that will merge the four partitions back into a single model. There is also a new sub-
folder ‘partitioning.4’ that contains the partitioned mesh files generated by the call to ElmerGrid.

Well, that was easy. Now that ElImerGUI has stored the parallel settings in the xml file for this project, all
you have to do is check or uncheck the box for Use parallel solver and you can switch from serial
to parallel and back to serial operation.
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Figure 8.8: Solver Log and Convergence History
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Figure 8.9: Sif and Vtu files
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8.4 Spaces in path to project

With verified settings and example tutorial files for practice, what could possibly go wrong? Let’s check to
see what happens if there are spaces in the path to your ElImerGUI folder.

Start ElmerGUI and Load Project from the folder FlowStepGUI - Copy that we created before
starting ‘Test serial operation’. Note that there are two spaces in the directory name. Once the project has
loaded, click on Run, Parallel Settings, you should see the settings window as shown in Figure 8.7. Update
the parallel settings, as needed. Verify that the box Use parallel solver IS checked. Click on the
Accept button at the bottom of the window.

Click on the right green arrow to ‘Generate and save sif, save project, then run the solver’. The solver
log window should pop up and the solver will stop early with errors, as shown in Figure 8.10.

E GUl - Cop
E Solver log - | =
9 » [ | &% @ File Edit Preference
9 -~ I
Object Val H = o s r | %
FIF U%EO002000
= Geometry #15 OxFFFT [
Input file step
- Body Program received signal SIGSEGV: Segmentation fault - invalid memory reference.
=+ Body Propert... Bod
Er p N Backtrace for this error:
quat'_on AVH \WARNING:: LoadMesh: Requested mesh > ./, < in partition 4 does not exist!
Material Ideal WARNING: : LoadMesh: Requested mesh > ./, < in partition 4 does not exist!
-l Boundary
Boundary 1 Inlet J[?sniz]”rf:;% .
Boundary 2 Outl g
Boundary 3 Walll [0] process exited without calling finalize
=~ Model
- Equation [Ad [1] terminated
E [2-3] process exited without calling finalize
---- error analysis ---—-
[0,2-3] on DESKTOP-DGNSF4T
10 ElmerSolver_mpi.exe ended prematurely and may have crashed. exit code 3
D 1 ---- error analysis ---—
2 o1 -
T o001 < 3
5 0.001
« N Annt

Figure 8.10: Spaces in the directory name

The key error message is “‘WARNING:: LoadMesh: Requested mesh > ./. < in partition 4 does not
exist!”. Remove the spaces from the directory name, and the errors will go away. The problem is that the
call to ElmerGrid uses the path to the folder, up to the first space. If you look at the example folders, you
will see there are now four folders, and the fourth folder will contain the partitioned mesh files. The solution
is to replace all spaces in your path and directory names with either hyphens or underscores. ElmerGrid will
then be able to find and partition the mesh.

8.5 Information about Parallel

For an overview and background information about Elmer parallel operation, download the file ElmerParallel.pdf
from this site:

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

8.6 Siffile

Note that when going from serial to parallel, in general the sif file does not change and only how the project
is started changes. One section in the sif that may change may be the mesh directory, depending on how

.
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ElmerGrid is run. The solver, equation, materials, boundary conditions, etc., should not need any changes.
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Chapter 9

Elmer and External Tools

9.1 Multiple bodies from Salome to Elmer

9.1.1 Introduction

The desired final result of this exercise will be a single Elmer mesh with 3 bodies and 16 boundaries. The
boundaries will be defined for each exterior face of the bodies and the interior faces between each body. The
bodies will allow assignment of two or three materials, with a boundary between each material.

The original wiki page described how to create a mesh that contains multiple bodies with Salome MECA
2009 and how to import it in Elmer. There is a video on Youtube from 2015 based on the elmerfem wiki:

https://www.youtube.com/watch?v=xfMLtywHSr4

This section in Get Started with Elmer has been rewritten in 2021 with new graphics using Salome 9.7.0 and
Elmer 9.0.

9.1.2 Install Salome
Download the latest version of Salome from
https://www.salome-platform.org/

and follow the instructions to install Salome. The Salome website has lot’s of information, such as user
tutorials at:

https://www.salome-platform.org/user—-section/salome-tutorials/salome—-tutorial
The tutorials will be very helpful for first time users of Salome. The first tutorial shows the basics of

creating geometry, partitioning, and meshing. After installing and starting Salome, follow these instructions.
Note that we assume you know the basics of Salome, and so we will give high level instructions.

9.1.3 Define your geometry in Salome

First, we need to define a geometry, so activate the Geometry module, as shown in Figure 9.1.
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Figure 9.1: Geometry module

In this example we deal with a simple case, with three boxes. We create two boxes which are intersecting
each other, using New Entity -> Primitives -> Box, as shown in Figure 9.2.
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Figure 9.2: Box primitive

Create Box_1 using the default size at the origin, and increase Dx to 300, as shown in Figure 9.3.
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Figure 9.3: Create Box_1

Create Box_2 using the default size at the origin, and increase Dy to 300, as shown in Figure 9.4.
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Figure 9.4: Create Box_2

Use Operations -> Boolean -> Cut, as shown in Figure 9.5.
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Figure 9.5: Boolean Cut

Cut Box_2 using Box_1 as the tool, which will create the third box, as shown in Figure 9.6. Of course,
you could as well define three separate boxes that share their respective surfaces geometrically. In this

example, let’s stick with the two intersecting boxes.
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Figure 9.6: Create Cut_1

We now have three boxes, named Box_1, Box_2, and Cut_1, as shown in Figure 9.7. Note the small
icon shown just above the little tool tip ‘Global Panning’, which expanded the object to fill the view port.
Also, note that we can check the shape of each box using the visibility icon, the little eye just to the left of

the entity in the geometry tree.
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Figure 9.7: Three boxes

Next, let’s cut again to make another small box, this time using Box_2 to cut Box_1, as shown in
Figure 9.8. It may seem that some of the boxes disappear after performing the cut, but they are just invisible,
so use the eye icon to make them reappear.
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Figure 9.8: Create Cut_2

For the last step, select the Operation, Boolean, Common, menu item, as shown in Figure 9.9.
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Figure 9.9: Common menu

This step will create Common_1, a cube, as shown in Figure 9.10.
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Figure 9.10: Create Common_1

We have successfully created three solid objects. The objects share common nodes at the edges of each
object and the volumes of each object do not overlap.

9.1.4 Partition the geometry

Now we have defined our geometry, but it is not yet ready for meshing. Because Elmer expects a single
mesh, you need a single ‘object’ for the meshing operation and now you have three objects. Therefore we
need to combine these three solid objects together, before starting the meshing operation.

IT WOULD be natural to create a compound object which contains three solids, but this is not right way
to do it. Because, when you create a compound, Salome will consider the solids as individuals and creates
three separate meshes that when exported to unv will create three separate mesh files. When you try to load
each mesh in ElmerGUI, you will have three separate models, which can’t be combined into one Elmer
solution.

What we need to do is to use the Salome operation called, Partition. Using an analogy from computer
file systems, one can create a partition to hold multiple disk drives, so in a similar fashion in Salome we will

.
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create a partition to hold several CAD objects as solid objects.

First, let’s select three items in the geometry tree, Cut_1, Cut_2, and Common_1. Then use menu

selection Operations -> Partition, as shown in Figure 9.11.
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Figure 9.11: Partition menu

We will create Partition_1 from 3 objects, as shown in Figure 9.12.
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Figure 9.12: Create Partition

Partition_1 now shows up with three sub-objects, as shown in Figure 9.13.
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Figure 9.13: Partition_1

We have one more step before we can start meshing the geometry. We need to be able to select bodies
within the partition, so we must use the menu selection New Entity -> Explode, as shown in Figure 9.14.
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Figure 9.14: Explode menu

Be sure to select ‘Sub-shapes Type’ as ‘solid’, as shown in Figure 9.15.
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Figure 9.15: Select solid type

Expanding Partition_1 in the geometry tree shows three solids are now available, as shown in Figure 9.16.
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Figure 9.16: Three solids

9.1.5 Create the mesh

At this point you can move to the mesh module, to create a mesh for the partition object. In this example we
use automatic netgen 1D-2D-3D as the mesh generator. Select the Mesh module instead of the Geometry
module from the menu, as shown in Figure 9.17. You may need to once again use the eye icons to make the
objects visible.
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Figure 9.17: Mesh module

Next, make sure that Partition_1 is highlighted in the tree, then select Mesh -> Create Mesh menu option,
as shown in Figure 9.18.
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Figure 9.18: Create Mesh

In the Algorithm box, select NETGEN 1D-2D-3D, as shown in Figure 9.19.
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Figure 9.19: NETGEN 1D-2D-3D

9.1.6 Refine the mesh

We could accept the default mesh settings and proceed to computing the mesh, but that isn’t a typical usage.
Let’s use Netgen to refine the mesh while computing the mesh. Click on the settings box to the right of the
Hypothesis box, and select NETGEN 3D Parameters, as shown in Figure 9.20.
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Figure 9.20: Netgen Parameters

Change Max size to 20 and Min size to 10, as shown in Figure 9.21. Netgen will use these parameters to
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decide on element sizes. Notice that Netgen is also capable of generating second order elements (in 2D and
3D) and quad dominated elements (in 2D only), just by checking the appropriate boxes in this window.

When using an Elmer solver for elasticity, use of second order elements is recommended. When using
an Elmer solver for Navier-Stokes flow, some experts recommend using second order elements.

As a side note, you can create a first mesh using first order elements, and then create a second mesh
using second order elements, and export each mesh into two separate UNV files. Then use the UNV files to
compare the effect of first order versus second order elements in Elmer.
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Figure 9.21: Max and Min element sizes

9.1.7 Compute the mesh

That finishes definition of our desired mesh, next step is to tell Salome to actually generate the mesh, by
selecting Mesh -> Compute, as shown in Figure 9.22.
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Figure 9.22: Compute the mesh

A progress window will pop up, as shown in Figure 9.23.
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Figure 9.23: Progress

The final mesh results summary will then be displayed, as shown in Figure 9.24.
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Figure 9.24: Mesh results

The computed mesh will be as shown in Figure 9.25. Notice that under Mesh_1, there is an entry for
‘Groups of Volumes’, but doesn’t show anything for Faces.
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Figure 9.25: Mesh

9.1.8 Create Groups of Faces

If we exported the mesh at this point, we would have bodies in ElmerGUI, but only one single boundary
around the entire body, which is not at all usable. We need to ask Salome to create faces that will become
our individual boundaries. Select Mesh -> Face groups separated by sharp edges, as shown in Figure 9.26.
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Figure 9.26: Face groups

Accept the default settings and Apply and Close, as shown in Figure 9.27.
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Figure 9.27: Default face groups

We now have Groups of Faces under the mesh tree, as shown in Figure 9.28.
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Figure 9.28: Groups of Faces

9.1.9 Export the mesh

We are now ready to export our mesh, once again make sure to highlight Mesh_1 in the tree, then select File
-> Export -> UNV file, as shown in Figure 9.29.
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Figure 9.29: Export menu

Save the file, with an appropriate name, in an appropriate directory, as shown in Figure 9.30. Salome
will automatically add the ‘unv’ file extension to the file name.
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Figure 9.30: Save UNYV file

We now have a UNV file containing all the information needed by Elmer to import the example Salome
CAD model as three bodies with sixteen boundaries and with a refined tetrahedral mesh.

9.1.10 Summary: Short Version

The above section shows in great detail how to create a multi-body mesh for Elmer, and it is highly recom-
mended to go through each step the first time to get familiar with the location of each step. The second or
third time going through the steps should be faster and easier, and not as much detail is needed to help create
a mesh for Elmer.

Here is a short version of the steps to be taken in Salome to create multiple bodies for export to Elmer.

» Select the Geometry module.

» Create your 3D solid bodies. They should not overlap their volumes and they should share common
nodes.

» Highlight the solid bodies and then ‘Operations -> Partition’. Be sure to select Resulting Type as
‘solid’.

» Highlight the Partition, and then ‘New Entity -> Explode’. Be sure to select Sub-shapes Type as ‘solid’.

» Select the Mesh module.

» Select the Partition and then ‘Mesh -> Create Mesh’. In the Algorithm box, select ‘NETGEN 1D-2D-
3D’. In the Hypothesis box, select ‘NETGEN 3D Parameters’. Change Max and/or Min sizes as needed, and

select second order as needed.

» Select ‘Mesh -> Compute Mesh’ to generate the mesh.
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» Highlight the Mesh and then ‘Mesh -> Face groups separated by sharp edges’, and accept the default
settings.

» Highlight the Mesh and then ‘File -> Export -> UNV file’, and save the UNV file with an appropriate
name and directory.

This ends the short version.
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9.2 Elmer and UNYV files

The previous section showed how to create and export a UNV file from Salome, ready to be used by Elmer.
This section will show how to use that UNV file in Elmer.

For non-GUI users of Elmer, use ElmerGrid in a command prompt or terminal window to convert the
UNV file into Elmer mesh format with this command:

Elmergrid 8 2 mesh_1 -autoclean

ElmerGUI can read the UNV file directly, and ElmerGUI will then call ElmerGrid in the background to
perform the conversion to Elmer mesh format. This section shows step by step how to read and use the UNV
file in ElmerGUL

As a side note, non-GUI users of Elmer may find it useful to use ElmerGUI to perform the conversion
from UNV to Elmer mesh format. ElmerGUI can group boundary faces together, thereby reducing the
number of boundary faces into manageable groups. When ElmerGUI saves the mesh to Elmer mesh format,
the reduced number of boundary groups will be written to the files.

9.2.1 Open UNY file

After starting ElmerGUI, select File -> Open, as shown in Figure 9.31, then select the Mesh_1.unv file that
you created in the previous section.
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Figure 9.31: File -> Open
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ElmerGUI will read the file and based on the file extension, ElmerGUI will automatically call ElmerGrid
to perform the conversion, as shown in Figure 9.32.
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Figure 9.32: Imported model

Examine the model parameters by selecting Model -> Summary from the menu, which will open a
window to display the various dimensions of the mesh and model, as shown in Figure 9.33.
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Figure 9.33: Model -> Summary

Having a model with sixteen boundaries can be useful, but sometimes we only need a couple of the
boundaries. ElmerGUI can group faces together, which will reduce the number of boundaries, making it
easier to manage working with the boundaries.

Q00

CSC —IT Center for Science BY NG



9. Elmer and External Tools 57

Use the mouse and double click on a face to select that face, followed by holding down the ctrl key and
double clicking on two more faces, so three faces are highlighted, as shown in Figure 9.34.

E EimerGUI - O X
File Mesh Model View Sif Run Help

Pl emsdd i/ elonennncamr

Object |Va|ue |

= Geometry
- Elmer mesh dir mesh_1
= Body

- Body Propert...

Body Propert...

- Body Propert...
= Boundary
Boundary 1
Boundary 2
Boundary 3
Boundary 4
Boundary 5
Boundary 6
Boundary 7
Boundary 8
Boundary 9
Boundary 10
Boundary 11
Boundary 12
Boundary 13
Boundary 14
Boundary 15
Boundary 16

= Model

Equation [Add..]
- Material [Add..]
- Body force [Add..]
Initial condition [Add..]
" Boundary condition [Add...]

Selected surface 13 4

Figure 9.34: Select with ctrl double click

Select Mesh -> Unify surface, as shown in Figure 9.35.

E ElmerGUI - O X
File | Mesh Model View Sif Run Help

ll €/ Configure... cl+C H A ‘ L] M 7 HI /’) il “‘* ‘,M ‘“ o ‘ % q}“l@ ) »

. @ Remesh Ctrl+R

J¢ i .
s @ Terminate meshing

+» Divide surface..
Unify surface

+=+ Divide edge...
*+ Unify edge

Clean up

Boundary 3
Boundary 4
----- Boundary 5
Boundary 6
----- Boundary 7
Boundary 8
Boundary 9
----- Boundary 10
Boundary 11
----- Boundary 12
----- Boundary 13

Figure 9.35: Mesh -> Unify surface

The three faces will be united into one face, so the list of boundaries will decrease from 16 down to 14
boundaries.
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Double click on the new unified face, and select View -> Hide/show selected, as shown in Figure 9.36.

E ElmerGUI - O X
File Mesh Model | View Sif Run Help

JJ (] i_/l D [ Full screen Ctrl+L l HI /,. ﬁ|¢|’ ﬂﬁ‘““‘ % %M@@ »

Object ¥ Surface mesh

= Geometry Volume mesh

Elmer mesh  Sharp edges

= Body
- Body Prc
------ Body Prc  Select all surfaces

Compass

Select all edges

= Boundary
GOLLEN  Hide/sho

----- Boundar Shade model »
Boundar L ,

..... Projection

----- Boundar
Boundar
Boundar  Lights and colors »

----- Boundar

----- Boundar  Show all

Boundar  Reset model view
Boundar

Numbering 4

Figure 9.36: Hide/show selected

The selected face will be hidden from view, to reveal the interior boundary faces, as shown in Figure 9.37.

E ElmerGUI - O X
File Mesh Model View Sif Run Help

[Pl omddNr[z@dnennngar
Object |Va|ue |
= Geometry
- Elmer mesh dir mesh_1
= Body
- Body Propert...
Body Propert...
. Body Propert...
= Boundary
Boundary 1
Boundary 2
fBounday 3 |
Boundary 4
Boundary 5
- Boundary 6
Boundary 7
Boundary 8
~Boundary 9
Boundary 11
Boundary 12
- Boundary 14
Boundary 15
Boundarv 16

Figure 9.37: Interior boundaries

This was a brief introduction to importing UNV files into Elmer and ElmerGUI.
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9.3 Elmer and Gmsh

Gmsh is a ‘A three-dimensional finite element mesh generator with built-in pre- and post-processing facili-
ties’ as described at https://gmsh.info/

Gmsh works well to generate Elmer meshes, and like most three dimensional programs, Gmsh has a

learning curve. This tutorial is meant to show a complete beginner how to get started with Gmsh, and how
to use Gmsh to create meshes for Elmer.

The 3D example we will use for this section will follow the example used for the section titled: ‘ Multiple
bodies from Salome to Elmer’, where we used two boxes to create three separate volumes, along with 16
separate boundaries. The three separate volumes will then be meshed, ready to load into ElmerGUI, for use
with ElmerSolver.

9.3.1 Gmsh basics

Upon starting Gmsh, it will open a default file named ‘untitled.geo’, as shown in in the title bar in Figure 9.38.

A Gmish - C\Users\richa\AppData\Roaming/untitled.geo — O d

File Tools Window Help

[=] Modules
[¥] Geometry
3] Mesh
[#] Solver

I

SO0XY ZQ 118 Gmsh 484

Figure 9.38: Startup screen

The first step should be to select File -> New, as shown in Figure 9.39.

A Gmsh - C\Users\richa\AppData\Roaming/untitled.geo — Od e
|58 Tools Window Help
New... Ctrl+N
Open... Ctrl+0
Open Recent 13
Merge... Ctrl+Shift+O

Watch Pattern...
Figure 9.39: File -> New

Pick your own desired file name and directory and click on Save, as shown in Figure 9.40.
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A New

«~ v 1 « Local Disk (C:) » Code * Elmer * gmsh v [&] £ Search gmsh
Organize ¥ New folder =~ 0
[ Desktop ~ Name Date modified Type
&l Documents
No items match your search.
¥ Downloads
¥ ftp.gnu.org

D Music

o v L

File name: | getstartl.geo

Save as type: All Files (*.%)

~ Hide Folders

Save Cancel

Figure 9.40: Enter new file name

Gmsh will give you the option to select your Cad Factory, either OpenCASCADE or Built-in, as shown
in Figure 9.41, please click on OpenCASCADE.

A
File Tools Window Help
[=] Modules
[¥] Geometry
[+] Mesh
[+] Solver
() Which geometry kernel do you want to use?
; OpenCASCADE - Built-in
Y
zZ X
SEOXY ZQ 1118 Gmsh 4.8.4

Figure 9.41: Select OpenCASCADE

| @O0
CSC —IT Center for Science BY

NC



9. Elmer and External Tools 61

You now have a new file with your desired filename and directory, loaded and active in Gmsh, as shown
in Figure 9.42. Notice the bottom bar, which shows ‘Done reading’ with the path to our new file.

A Gmsh - CACode'\Elmer\gmsh\getstart1.geo - O X

File  Tools Window Help

[=] Modules
[¥] Geometry
[¥] Mesh
Solver

L]

SOXYZL 118 Daone reading 'C:\Code\Elmer\gmsh'\getstart1.geo’

Figure 9.42: Done reading

Gmsh writes actions to the .geo file as the actions are performed. The bottom bar says ‘Done reading’,
because Gmsh reads the .geo file after writing the .geo file. Let’s open the directory containing the .geo file,
as shown in Figure 9.43.

) = | gmsh - O X
Home Share View g
= Cut — [T New item ~ & open - Select all
=2 0 & Py = x = E| o \/] & op &
W] Copy path 1 ] Easy access ™ Edit Select none
Pin to Quick Copy Paste Move Copy  Delete Rename New Properties
P 7] Paste shorteut ', (T - folder - I History 2 invert selection
Clipboard Organize New Open Select
1 > ThisPC > Local Disk (C:) > Code > Elmer > gmsh v (] L Search gmsh
" A -~
&= Pictures Name Date modified Type Size
B videos & getstart1.geo 8/11/2021 10:39 AM GEO File 1KB
% Local Disk (C)
¥ Network
v
Titem  1item selected 81 bytes =

Figure 9.43: Open directory

Open the .geo file using your favorite text editor, as shown in Figure 9.44. As you can see, Gmsh has
written two lines into the .geo file, and shows our selection of OpenCASCADE for the CAD Factory. We will
perform this same action, opening the .geo file using a text editor, at several points in this tutorial, because it
is helpful in understanding the actions performed by Gmsh.

@ Ch\Code\Elmer\gmsh\getstart1.geo - metapad — O X
File Edit Favourites Options Help
DEELR BRE & Qo wFpD &

|/ Gmsh project created on Wed Aug 11 18:39:30 2621
SetFactory({"0OpenCASCADE");

Figure 9.44: Geo file contents
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9.3.2 Add Geometry

Let’s add some geometry to our project. Expand the Geometry menu by clicking on the ‘plus’ sign in front of
Geometry. Likewise, click on the preceding ‘plus’ sign before ‘Elementary entities’, followed by ‘Add’. A
long list of geometry entities are shown, we are looking for ‘Box’ near the bottom, as shown in Figure 9.45.
Go ahead and click on ‘Box’.

A Gmsh - C\Code\Elmer\gmsh\getstartl.geo - O X

File Tools Window Help

[=] Modules
[<] Geometry
[=] Elementary entities
Set geometry kernel
[=] Add
Parameter
Point
Line
Spline
Bezier
B-Spline
Circle
Circle arc
Ellipse
Ellipse arc
Rectangle
Disk
Plane surface
Surface filling
Sphere
Cylinder
Box Y

Torus
Cone - Z X
It

OXY ZQ11s Done reading 'C\Code\ElImerigmsh'getstart1.geo’

Figure 9.45: Add -> Box

The pop up window titled ‘Elementary Entity Context’, will open, as shown in Figure 9.46. Notice
that moving the mouse around the viewport will cause the red box to move as well. Also notice the text
instructions in the viewport, in particular, notice ‘e’ to add box and ‘q’ to quit. Either pressing the ‘e’ key or
clicking on ‘Add’, will add a box to the geo file.

'k Gmsh - G\Code\EImer\gmshigetstart1.geo - O X
File Tools Window Help
Egudu\es — Move mouse and/or enter coordinates
Geometry Qi P ot o'
[5] Elementary enties [Press "'Shift' to hold position, 'e' to add box or 'q' to abort]
[#] Set geometry kernel 1
[ Add
A
Box
(8] T femmmmeee
07 X
-03 Y
0 z
0
1 DX
1 DY
1 Dz
-0.5
Add
01 X 01 Y 01 Z snap X Y  Zfreeze Y
-1
Volume } L
[3] Transform - -1 -0.5 0 0.5 1 Z X
SOXYZQ 118 Done reading 'C:\Code\Elmerigmsh\getstart1.geo’

Figure 9.46: Floating box
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We want to force the location of the box to be at the origin. Click on the three check boxes next to
‘Freeze’, which will freeze the X, y, and z locations from moving with the mouse motion. Enter 0 into the X,
Y, and Z entry boxes, as shown in Figure 9.47. You can see that the lower left corner of the red box is now
located at the origin.

‘ _k Gmsh - C\Code\Elmer\gmsh\getstart1.geo - [m] X
‘ File Tools Window Help
[5] Modules — Move mouse and/or enter coordinates
[=1 Geometry [Press 'Shift to hold position, 'e’ to add box or 'q' to abort]
[=] Elementary entities
[+] Set geometry kemel 1
[ Add
'\ Elementary Entity Context — X
Box
0.5
0 X
0 Y
d z
1 DX ©
1 DY
1 Dz
0.5
Add
0.1 X 01 Y 01 Z snap ¥ X “Y «7freeze Y
-1
Volurme '
Transform 5 -1 -0.5 0 05 1 Z X
SOXYZQ 118 Done reading "C-\Code'\Elmerigmsh\getstart1 geo’

Figure 9.47: Locate the box at the origin

Let’s set the size of the box to be DX = 300, DY = 200, and DZ = 200, by typing the numbers into the
entry boxes, followed by clicking on ‘Add’, as shown in Figure 9.48. Elmer uses SI units, (actually Elmer is
unit-less, but in practical terms think of SI units as the active units in Elmer) so when running ElmerSolver
these dimensions will be in meters. You can scale the dimensions in Elmer, look up ‘Coordinate Scaling’,
which will allow one to easily convert from millimeters to meters.

A Gmsh - C\Code\EImen\gmshget:

= - [m] PO |
File Tools Window Help
E|Er\|ﬂudules = Move mouse and/
Geometry I .
[5] Elementary entities [Press "Shift' to hold position
Set geometry kernel 1
] Add
'\ Elementary Entity Context - X
Box
0.5
0 X
0 Y
0 z
300 DX g
20d DY
200 DZ
0.5
Add
01 X 01 Y 01 Z snap “X ¥Y ¥Zfreeze Y
-1
Volume '
Transform - -1 -0.5 0 0.5 1 Z X
SEO0OXYZQ 1148 Done reading 'C:\Codel\Elmerigmshigetstart geo'

Figure 9.48: Enter box dimensions
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Let’s open up our .geo file in our text editor, to see what Gmsh has done so far, as shown in Figure 9.49.
You will see that we have successfully added a box, located at the origin, and with our dimensions.

@ C\Code\Elmer\gmsh\getstart1.geo - metapad — O >
File Edit Favourites Options Help

DEedbd BF & Qab 'w F B| &

lF// Gmsh project created on Wed Aug 11 19:39:30 2021
SetFactory(“0OpenCASCADE") ;

i+

Box(1) = {6, 8, 8, 360, 208, 200};

Figure 9.49: Open directory

Notice that the pop up window stayed open after clicking on ‘Add’, waiting for us to either enter more
boxes or to press ‘q’ to close the pop up window. Let’s add a second box at the origin, with dimensions of
DX =200, DY =300, and DZ = 200, and then click on ‘Add’, as shown in Figure 9.50.

|\ Gmsh - C:\Code\EImer\gmsh\getstart1.geo — O %
File Tools Window Help
[=] Modules - Move mouse and/or enter coordinates
Egeég‘ﬁewmaw eniies [Press 'Shift to hold position, 'e' to add box or 'q' to abort]
[*] Set geometry kernel 301
[ Add
'\ Elementary Entity Context - X

22

200 DX
300 DY
200 Dz

Add

0.1 X 01 Y 01 Z snap “X ¥Y «7freeze

Volume

[® Transform = -1e-07 75 150 225 300 Z X
]

SOXYZIQ 1S Done reading "C-\Code\Elmer\gmsh'getstart1.geo'

Figure 9.50: Add a second box

Let’s open up our .geo file in our text editor, and we see that a second box has been added, as shown in
Figure 9.51.
@ Ch\Code\Elmer\gmsh\getstart1.geo - metapad - O X
File Edit Favourites Options Help
DEEDR EBEE & Qa | WFDB &

// Gmsh project created on Wed Aug 11 10:39:38 2821
SetFactory("OpenCASCADE");

i1+
Box(1) = {8, 0, 0, 300, 200, 200};
/i
Box(2) = {8, 0, 8, 280, 300, 260);

Figure 9.51: Geo file with two boxes
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9.3.3 Undo operation

What if we add another box by accidentally clicking on ‘Add’ too many times? Let’s look at the geo file, as
shown in Figure 9.52. We see that now there are three boxes, while we really only want two boxes. How can
we fix this situation?

@ Ch\Code\Elmer\gmsh\getstartl.geo - metapad — O X
File Edit Favourites Options Help
DEELR EE & Qa* |w F B|&

// Gmsh project created on Wed Aug 11 10:39:38 2621
SetFactory("OpenCASCADE");

ff+
Box(1) = {6, 8, 6, 300, 200, 200};
fi+
Box(2) = {6, 8, 0, 200, 308, 208},
i+

Box(3) = {8, 8, 0, 200, 308, 200};

Figure 9.52: Too many boxes

If we collapse the Elementary Entities menu, as shown in Figure 9.53, we will notice the menu item
‘Remove last script command’. Click on that menu item, and check the geo file, you will see the third box
is now gone.

A Gmsh - C\Code\EImer\gmsh\getstart1.geo — O x

File  Tools Window Help

[=] Modules
[E] Geometry
[¥] Elementary entities
[#] Physical groups 300
Reload script
Remove last script command
Edit script
[3] Mesh 295
[+] Sabver
150
75
Y
= 7
-1e-07 75 150 225 300
S0XY Z§¥ 1118 Done reading 'C:\Code\Elmerigmsh\getstart1.geo'

Figure 9.53: Last script command and a Side view
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9.3.4 Viewport and Visibility

Continuing with our sequence of steps, in the Gmsh viewport we see what could be two boxes, from the side,
as shown in the preceding Figure 9.53. In the viewport, click a single left mouse button (LMB) and drag the
boxes, and the boxes rotate slightly showing a 3D view of the two boxes, as shown in Figure 9.54.

A Gmish - CACode\ElImer\gmsh\getstartl.geo — O s

File  Tools Window Help

[=] Modules
[=] Geometry
[¥] Elementary entities
[¥] Physical groups
Reload script
Remove last script command
Edit script
[+] Mesh
[+ Solver

o]

OXY Z4 118 Done reading 'C:\Code'\Elmer\gmsh'getstart1.geo’

Figure 9.54: Click LMB and drag to rotate

We now have two boxes that are overlapping, and we need to turn them into three separate volumes. In
order to work on volumes, we need to be able to select the volumes, but we only see points and line segments
in the viewport. With the mouse over the viewport, double left click (LMB) and the viewport menu will pop
up. Select ‘Geometry visibility’ and click on ‘Volumes’, as shown in Figure 9.55. You can see two yellow
spheres, one for each of the two boxes, in the viewport, ready to be selected.

A Gmsh - C\Code\Elmer\gmshigetstartl.geo

File Tools Window Help

[=) Modules
[ Geometry
[E] Elementary entities 300
Set geometry kernel
[ Add
Transform
Extrude
[=] Boolean
Intersection =z G EEal
nion Select rotation center
Difference Split window »
Fragments 7 Axes Alt+A
Fillet Mouse hover over meshes
SP““;“"’E Projection mode » :
elete .
Conerence  poms e ¢
5] Physical groups Geometry visibil oints  Alt
Reload script Al geometry options. ¢ Curves A+L
Remove last script command ~ Mesh visibility » | Surfaces At+S
Edit script Toggle mesh display SN Volumes Alt+V. T
[3] Mesh Global mesh size factor
[3] Solver All mesh options.
-1ed 300
_1e07-1e-07 75 L 15 225
07 ! Y
A_x
SOXYZ§ 118 Mesh display OFF

Figure 9.55: Make Volumes visible
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9.3.5 Fragments

Expand ‘Elementary entities’ under ‘Geometry’, and then expand ‘Boolean’. Click on ‘Fragments’, and
another pop up window will open, as shown in Figure 9.56. Be sure to have both options checked, ‘Delete
object’ and ‘Delete tool’.

Gmsh - C\Code\EImer\gmsh\getstart1.geo - O x
g g g

File Tools Window Help

[=] Modules
[F] Geometry
[3] Elementary entities
[#] Set geometry kernel
A

Boolean

¥ Delete object

¥ Delete tool

All entities ¥ Selection mode

S0XYZG 1118 Done reading 'C:\Code\Elmer\gmsh'getstart1.geo’

Figure 9.56: Boolean -> Fragments

We need to select both an object and a tool, in this example, one box will be the object and the other box
will be the tool. In this case, it doesn’t matter which is which. The ‘Fragment’ command will then use the
object and the tool to create volumes as if three commands were performed with ‘Intersection’ and ‘Union’
on the object and the tool. Click on one of the yellow spheres, which will select the object, then press the
key ‘e’ to end the first selection, as shown in Figure 9.57.

A Gmsh - C\Code\EImer\gmsh\getstart.geo — O X

File Tools Window Help

[=] Modules
[F Geometry
[3] Elementary entities
[¥] Set geometry kemel

A
Boolean
v Delete object
~ Delete tool
Y
/L;—"
All entities ¥ Selection mode
SEO0OXY ZQ 118 Done reading 'C:\Code\Elmer\gmshigetstart1.geo’

Figure 9.57: Press ‘e’ the first time
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Next click on the second yellow sphere, then press the ‘e’ key to end the second selection. Since the
second time we pressed the ‘e’ key ended the selection of both object and tool, Gmsh then performed the
‘Fragment’ command, as shown in Figure 9.58. We now have three smaller separate volumes, and the first
two boxes have been deleted. Finish up by pressing the ‘q’ key, to close the pop up window.

If you don’t get the steps right the first time, no problem, just go ahead and ‘Remove last script command’
and try again.

A Gmsh - CA\Code\EImer\gmsh\getstart1.geo — O x

File Tools Window Help

[=] Modules
[5] Geometry
[5] Elementary entities
[#] Set geometry kernel
[+] Add
Transform
Extrude
[=] Boclean
Intersection
Union
Difference
Fragments
Fillet
Split curve
Delete
Coherence
Physical groups
Reload script
Remove last script command

Edit script
[] Mesh
[¥] Solver
I 200
S0OXYZIQ 118 Done reading 'C:\Code\Elmer\gmshigetstart1 geo'

Figure 9.58: Press ‘e’ the second time, then press ‘q’

Let’s take a look at the geo file, and we see two boxes and a BooleanFragments command, as shown in
Figure 9.59.

@ C\Code\EImer\gmsh\getstart1.geo - metapad — O *
File Edit Favourites Options Help
DEEL BRI & Qaq i) |w F B|&

// Gmsh project created on Wed Aug 11 16:39:30 2621
SetFactory("OpenCASCADE™};

fi+
Box(1) = {8, 0, 0, 300, 200, 200};
e
Box(2) = {98, 8, 0, 268, 308, 200};
fiv

BooleanFragments{ Uolume{2}; Delete; }{ Uolume{1}; Delete; }

Figure 9.59: Check the geo file

9.3.6 Coherence command

Great, it looks like we are ready to starting meshing, right? Not so fast, there will be a problem if we go to
meshing right now.

Remember we started by saying we need to end up with three volumes and 16 boundaries? If we mesh
the current geo file, we will end up with three volumes and 18 boundaries. Each of the three volumes has six
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sides, with will give us 3 x 6 = 18 boundaries. There will be two boundaries between each of the adjoining
cubes, and Gmsh will create individual meshes for each volume, leading to a ‘non-conforming’ mesh. Elmer
will treat each of the three volumes as being separate, such that a heat equation solution won’t conduct across
the two adjoining faces. This issue has appeared in the Elmer Forum many times, so it’s not at all unusual.

Fortunately, Gmsh has a simple solution, just click on ‘Coherence’ under the ‘Elementary entities’ menu.
Now take another look at the geo file, as shown in Figure 9.60. The ‘Coherence’ command must appear
somewhere in the geo file, not necessarily at the end. This command tells Gmsh to create a mesh using all
three volumes, and merges the adjoining boundaries to create a conforming mesh. Meshing and exporting
the geo file at this point will create our desired result, three volumes and 16 boundaries.

@ C\Code\Elmerygmsh\getstart1.geo - metapad — O X

File Edit Favourites Options Help

DESER EF & Qa wEE &

// Gmsh project created on Wed Aug 11 108:39:30 2621
SetFactory("'0penCASCADE™);

77+

Box(1) = {8, @8, 8, 380, 200, 280};

£+

Box{2) = {8, 0, 6, 260, 300, 200};

£+

BooleanFragments{ Volume{2}; Delete; }{ Volume{1}; Delete; }
i+

Coherence;

Figure 9.60: Coherence command

9.3.7 Meshing

Collapse the ‘Geometry’ menu and expand the ‘Mesh’ menu, as shown in Figure 9.61.

A Gmsh - C\Code\EImer\gmsh\getstart1.geo — O x

File Tools Window Help

[=] Modules
[¥] Geometry

=] Wesh
[#] Define

Optimize 3D
Optimize 3D {Netgen)
Set order 1
Set order 2
Set order 3
High-order tools
Refine by splitting
Partition
Unpartition
Smooth 2D
Recombine 2D
Reclassify 2D

[+] Experimental

[#] Reverse

ﬁﬁﬁﬁﬁ +

I 200

=S0XY Z§ 1118 Done reading 'C:\Code\Elmer\gmsh\getstart1.geo’

Figure 9.61: Mesh menu
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Click on ‘Tools -> Statistics’ in the top bar, to open a pop up window with statistics about our model,
as shown in Figure 9.62. Keep the Statistics window open as we perform the meshing, this will help us to
see the effect of each action. Note there are three tabs in the Statistics window, take a look at each, and then
keep the ‘Mesh’ tab open.

A
File  Tools

[=] Modules
[#] Geometry
[E] Mesh
[# Define
D
2D
aD
Optimize 3D
Optimize 3D (Netgen)
Set order 1
Set order 2
Set order 3
High-order tools
Refine by splitting
Partition
Unpartition
Smooth 2D
Recombine 2D
Reclassify 2D
[#] Experimental
[+] Reverse
[¥] Delete
Inspect
Save
[+] Solver

Window Help

SO0OXY ZQ 1S

-]

Done meshing 1D (Wall 0s, CPU 0s)

|

A Statistics — x
Geometry = Mesh  Post-processing
112 Nodes
16 Points
124 Lines
0 Triangles
0 Quadrangles
0 Tetrahedra
0 Hexahedra
0 Prisms
] Pyramids
0 Trihedra
0 Time for 1D mesh
0.0310791 Time for 2D mesh
0.0156198 Time for 3D mesh
0(0-=0) SICN Plot XY 3D
0(0-=0) Gamma Plot X-Y 3D
0(0-=0) SIGE Plot X-Y 3D
Compute statistics for visible entities only
Memory usage: 117.082Mb | L_J_pf!__@}(_e__ 4

——

Figure 9.62: Statistics for Mesh tab

Click on ‘3D’ in the Mesh menu, and Gmsh will generate the mesh, as shown in Figure 9.63. In the
Statistics window, click on ‘Update’, to see the effect of the meshing operation.

A
File Tools

[=] Modules
[#] Geometry
[E] Mesh
[#] Define
1D
2D
3D
Optimize 3D
Optimize 3D (Netgen)
Set order 1
Set order 2
Set order 3
High-order tools
Refine by splitting
Partition
Unpartition
Smooth 2D
Recombine 2D
Reclassify 2D
[#] Experimental
[#] Reverse
[+] Delete
Inspect
Save
[#] Solver

Window Help

S0OXYZQ11S

;]

Done optimizing mesh (Wall 0s, CPU 0s)

K

IR

T

T,
11

B

A Statistics — *
Geometry Mesh  Post-processing
458 Nodes
16 Points
124 Lines
844 Triangles
0 Quadrangles
1545 Tetrahedra
0 Hexahedra
0 Prisms
] Pyramids
0 Trihedra
0 Time for 10 mesh
0.0310791 Time for 2D mesh
0.0156198 Time for 3D mesh
0.8103 (0.3184-=1)  SICN Plot XY 3D
0.7763 (0.3036->1)  Gamma Plot XY 3D
0.843(0.3428->1) SIGE Plot XY 3D
Compute statistics for visible entities only
Memoary usage: 117.082Mb ‘____l:lgdatej_“:__ !

Figure 9.63: 3D Mesh and Statistics
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Click on ‘Refine by splitting’, and Gmsh will perform refinement of the mesh, as shown in Figure 9.64.
In the Statistics window, click on ‘Update’, to see the effect of the refinement operation.
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File
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SICN

Plot  X-Y
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SIGE Plot  X-Y

: Update 4

Figure 9.64: Refine by splitting

If you want to clear the mesh and start over, just click on ‘1D’, which effectively removes the mesh.
This time, click on ‘Set order 2°, you will see the progress note at the bottom of the window stating ‘Done
meshing order 2°. Update the statistics and you will see that the number of nodes has increased, as shown in

Figure 9.65.
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Figure 9.65: Set order 2
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9.3.8 Exporting

We are ready to export the mesh, click on ‘File -> Export’, as shown in Figure 9.66.

A Gmsh -

CA\Code\Elmer\gmsh\getstart1.geo

J5/=8 Tools Window Help

New... Ctrl+N
Open... Ctrl+O
Open Recent 3
Merge... Ctrl+Shift+0O
Watch Pattern...

Clear

Rename... Ctr+R
Delete

Remote >
Save Mesh Ctrl+3hift+3
Save Model Options Ctrl+J
Save Options As Default Ctrl+Shift+J
Quit Ctr+Q

ot

SOXYZQ 1118 Done optimizing mesh (Wall 0s, CPU 0s)

Figure 9.66: File -> Export

Pick your desired filename and path, type ‘.msh’ as a suffix to the filename, and click on ‘Save’, as shown
in Figure 9.67.

AG e\Flmer\g getstart1.ge — 0 X
A Export w
1 « local Disk (C:) » Code > Elmer > gmsh v O 2 Search gmsh
Organize ~ New folder 0
~
¥ ftp.gnu.org ~  Name Date maodified Type
& Music &) getstarti geo 8/14/2021 439 PM GEO File
&= Pictures
i Videos
% Local Disk (C)
v o<
File name: | getstartl.msh| N
Save as type: | Guess From Extension (*.%) “
~ Hide Folders Cancel

Figure 9.67: Save
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A pop up window will ask you to choose a Format, select “Version 2 ASCII’, as shown in Figure 9.68.
Also be sure to check the box to ‘Save all elements’. Later on, if desired, come back here and try the
other format options. For this particular example, both Version 2 ASCII and Version 4 ASCII load okay in
ElmerGUI. The other options won’t load properly in ElmerGUI.

A Gmsh - CA\Code\Elmer\gmsh\getstart1.gec — O X
File Tools Window Help
[=] Modules
Geometry
[¥] Mesh MSH Options

[¥] Solver
Version 2 ASCII ¥ Format

¥ Save all elements

Save parametric coordinates

OK & Cancel

Figure 9.68: Select Version 2 ASCII

The mesh will be saved into our desired filename, go ahead and open the mesh file with a text editor, as
shown in Figure 9.69. Notice the first section defines the ‘MeshFormat’, and the version is shown as 2.2.

@ Ch\Code\EImer\gmsh\getstart1.msh - metapad — | X

File Edit Favourites Options Help

DR EBE & Qa ® 'w F B

$HeshFormat -
2.2 88
$EndMeshFormat
$Hodes

2814

o0

8 8 268

8 200 200

0 200 0

200 b O

280 8 288
200 200 2680
200 200 06

8 380 206

P N Y

LSSV N

Figure 9.69: Format version 2.2
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9.3.9 Open mesh file in ElImerGUI
Open ElmerGUI and click on ‘File -> Open’, as shown in Figure 9.70.

E EimerGUI - O X
File Mesh Model View Sif Run Help
& New project.. EHE B ||| @ e RO (SE W

) Load project...
lue
»

Recent projects
Save project
Save project as...

= Open.. Ctrl+0
il

9 Load mesh...
H Save.. Ctrl+S  Hd.]
H Save as...

/= Definitions...
B Save picture as..

B4 Exit Cirl+Q

Open geometry input file

Figure 9.70: File -> Open

Navigate to our directory and select the exported Gmsh file ‘getstart]l.msh’, as shown in Figure 9.71.

E Open geometry input file x
«— v 1 » ThisPC » Local Disk(C:) » Code > Elmer * gmsh ~ [&] L Search gmsh
Organize ~ New folder =~ O @
~
~ Name Date modified Type Size
3 Quick access
B Desktop ﬂ getstartl.geo 8/14/2021 439 PM GEO File 1KB
$0 load & getstartl.msh 8/19/2021 8:03 AM MSH File 218 KB
ownloads
|= Documents
&=/ Pictures
~ . A4
~ | [anFites ¢) v

File name: |getstart1.msh

Cancel
Figure 9.71: Select getstartl.msh

The exported mesh will load and display, as shown in Figure 9.72. Behind the scenes, ElmerGUI uses
ElmerGrid to convert the Gmsh mesh into an Elmer format mesh. Expand the ‘Body’ and ‘Boundary’ entries
under the Geometry tree, and we see we have 3 bodies and 16 boundaries, which is our desired outcome.
Click on ‘Model -> Summary’, and we see that we have 2814 nodes, which matches the number of nodes

we saw in Gmsh Statistics.

We can stop now, as long as we are happy with the mesh as displayed by ElmerGUI.

@0l

BY NC

CSC —IT Center for Science



9. Elmer and External Tools 75

E EimerGuI - O X
File Mesh Model View Sif Run Help

EREIEY L 1L

Object Value l—
= :Geometry
- Input file getstartl.msh

ody
- Body Property 1
- Body Property 2
- Body Property 3
= Boundary
- Boundary 1
Boundary 2
- Boundary 3
- Boundary 4
- Boundary 5
- Boundary &
- Boundary 7
- Boundary 8
- Boundary 9
Boundary 10
- Boundary 11
- Boundary 12
- Boundary 13
- Boundary 14 o
- Boundary 15
- Boundary 16
= Model

o]z edmoxnnigar

Figure 9.72: Bodies and boundaries

9.3.10 Check for coincident nodes with ElmerGrid

What if we suspect that we may have some coincident nodes in the mesh? How can we find out whether or
not some of the nodes may be essentially duplicated in the mesh? One way is to run ElmerGrid using the
command ‘-merge 1.0e-5’, which tells ElmerGrid to search through all the nodes in the mesh and if any are
less than 1.0e-5 units apart, then merge them into one node, and update the mesh accordingly. The tolerance
of ‘1.0e-5’ should be adjusted to suit each particular case.

ElmerGUI will allow us to enter the ‘-merge’ command to be sent to ElmerGrid. Click on ‘Mesh ->
Configure’, as shown in Figure 9.73.

E ElmerGUI - O X
File | Mesh Model View Sif Run Help

U E / Configure... Ctrl+C h E ‘ 7] H ” H /‘9 [ ‘¢|§ )|¢ ‘“ M‘ % % H@ @ »
= (@ Remesh Ctrl+R
% € Terminate meshing

+% Divide surface...
*4 Unify surface

++ Divide edge...
*+ Unify edge

Clean up

~ Boundary 3
- Boundary 4
~ Boundary 5

- Boundary 6 v
TR

Confiaure mesh aenerators

Figure 9.73: Configure
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Near the top of the pop up window, click on the radio button next to ‘elmergrid’ and append in the
‘elmergrid String” box the command ‘-merge 1.0e-5’, as shown in Figure 9.74. Finish by clicking on ‘Apply’.

E ElmerGUI /” Configure ? w - O w0

File Mesh Model View Sif Ru

— Preferred generator

I3 D Rl |
H I:E? @ D @ E E € tetlib (.stl .smesh .poly .off .ply .mesh) E% !} @ @ »
Object | Value " nglib (.in2d .stl .brep .step .stp .iges .igs)
& Geome“y_ (¢ elmergrid (.grd .FDNET .msh .mphbxt .unv)
Input file getst..|
‘Body ~tetlib
- Body Propert...
 Body Propert.. String:  [nnJApvql.414
Body Propert... ~ nglib
=1 Boundary
- Boundary 1 MaxH:  [1000000
~~Boundary 2 Fineness: |0.5
Boundary 3
- Boundary 4 Bgmesh: |
- Boundary 5 )
- Boundary 6 —elmergrid
-~ Boundary 7 String: I—autoclean -relh 1.0 -merge 1.0e-5|
Boundary 8
- Boundary 9 — Element codes (for solver):
- Boundary 10 Codes: |
Boundary 11
- Boundary 12

-~ Boundary 13
: o] _oun |

Figure 9.74: Add merge command

To activate ElmerGrid with the new command string, click on ‘Mesh -> Remesh’, as shown in Fig-
ure 9.75.

E ElmerGUI - O b
File | Mesh Model View Sif Run Help
H [ ¢/ Configure.. Ctrl+C H P ‘¢|¢ e ‘“ N‘ n %H‘ s @ w

™ Remesh
Ohbje . -
¢ 9 Terminate meshing

+# Divide surface...
#i¢ Unify surface

4+ Divide edge..
*+ Unify edge

Clean up

- Boundary 3
Boundary 4
Boundary 5
Boundary 6

- Boundary 7
L RAnndan: A h
«| | »

Remesh 4

Figure 9.75: Remesh

Click on ‘Model -> Summary’, and compare the number of nodes before and after merging and remesh-
ing. If the number of nodes decreases, then you know there were some coincident nodes in your mesh.

This finishes our tutorial on using Gmsh to generate an Elmer mesh.
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Chapter 10

Elmerfem Wiki

The Elmer Wiki used to exist at http://www.elmerfem.org/elmerwiki. Some of the pages from
the wiki have been copied from Wayback Machine into this chapter. Note that pages discussing Compilation
are not included, they are a little out of date. The original authors are not known.

10.1 Main
10.1.1 Elmer Wiki

Elmer Wiki is intended to serve as a platform for the exchange of ideas and solutions for Elmer FEM users.
While the main source of information is still at http:///www.csc.fi/elmer these pages provide a media for the
user community to share their work. If you’re interested in contributing to Elmer Wiki, create an account
and have a look at the MediaWiki HandBook to get started.

10.1.2 Elmer Instructions

Frequently Asked Questions

Parallel Computations

Making Animations

Compilation and Installation(not included)

10.1.3 Elmer Components

ElmerGUI
MATC

10.1.4 External Tools

Salome
ParaView

10.1.5 Elmer use in different application areas

Elmer Ice Sheet modelling (old and outdated pages for Elmer Ice Sheet modelling). Note that the Elmer Ice

Sheet section has not been included in this document, refer to the active Elmer Ice website at
http://elmerice.elmerfem.org/

Crystal growth and phase change

Lubrication and squeezed films

Pulling, drawing and extrusion

Electrochemistry
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Elmer Wood Modelling
More user groups welcome!

10.1.6 Further information

Elmer Discussion Forum at:
http://www.elmerfem.org/forum/

Articles and papers featuring Elmer at:
https://www.csc.fi/web/elmer/white-papers

10.2 Frequently Asked Questions

Below is a list of some of the most frequently asked questions. You can suggest new FAQs on the forum.

10.2.1 Technical Questions

Q: How do I create geometries with Elmer?

A: Elmer suite does not include proper geometry generation tools. You should use other geometry and
proposal software mesh generations tools and import the files into Elmer. Gmsh and GiD (mesh) and SA-
LOME (CAD) are the most commonly used ones. Some simple geometries may be defined directly in
ascii-format using the .grd (ElmerGrid) and .in2d (netgen) formats, for example.

Q: I edit the .sif file manually but modifications are erased by ElmerGUI

Q: How can I import my sif file into ElmerGUI?

A: The state of ElmerGUI is defined by the project file which is used to generate the sif file. Therefore
the modifications in the .sif file are not communicated to the ElmerGUI and a .sif file cannot be used as a
starting point for ElmerGUI work.

Q: I'try to set a "keyword" value in the .sif file but ElmerSolver gives an error "Unknown specifier" for
property name:"keyword". What’s wrong?

A: The list of known keywords is defined in the SOLVER.KEYWORDS file. The list can never be com-
plete since the code is all the time developing and the user may also invent new variable names. If the type of
the keyword is not known, the user must provide it from one of the following: Logical, Integer, Real, String
and File. Also Equals defines the type implicitly to be of type Real.

Q: Where can I find examples on how to use a specific solver?

A: The are a few walk-through cases in Elmer Tutorials. In addition there are more than 700 minimalis-
tic tests in the Elmer distribution in the ‘tests’ folder. Among the .sif files you can try to find the ones that
include the the solver of interest. By increasing the "Max Output Level" and link building defining a "Post
File" in the "Simulation" section it is easier to get acquainted to the solver.

Q: What unit system should I use in Elmer?

A: Elmer does not assume any specific units so you can use any unit system that is consistent. The natu-
ral choice is SI units. By default the equations are scaled to an optimal range so usually there is no need for
altering the unit system for the sake of numerical accuracy. However, if you choose, for example, your mesh
to be in millimeters remember that it reflects to the units of velocity, density, force, viscosity etc., as well.

Q: I want to restart using the .ep result file, how do I do that?
A: Unfortunately Elmer uses the "Post File", with the usual suffix .ep, only for visualization. If you want

to restart you need to save the data in a "Result File" which has some additional information required.

Q: I want to virtualize my results using graphs, how should I proceed?
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A: There are auxiliary solvers SaveLine and SaveScalars that may be used to generate appropriate data
in ASCII format. See the Models manual or search the discussion forum for more information.

Q: I want to use Paraview (or other VTK based visualization software). How should I proceed?
A: You can utilize the ResultOutputSolve with vtu (or vtk) output format. See Models manual for details.

10.2.2 Generic Questions

Q: How large is the Elmer community?
A: Based on different web & download statistics, a rough estimate would be hundreds of active users
and thousands of test users each year.

Q: There have been quite few official releases of Elmer. Has the development stopped?

A: No. Elmer is actively developed and each major commit is run against a large number of tests cases.
Therefore we consider the trunk version to be stable and recommend it as starting point for any compilation.
However, we plan to give more regularly official releases in the future.

Q: Are you trying to make money with Elmer?

A: No. Elmer is maintained by CSC - IT Center for Science which is a governmental non-profit organi-
zation in Finland. However, in order to fund the development of the code we do have to put a price tag on
the labour when we’re not serving the Finnish universities.

Q: Can I use Elmer for commercial consultation or other non-academic work?
A: Yes. GPL license does not limit commercial use in any way.

Q: Can I use parts of Elmer in my own code?
A: Yes, with the condition that if you publish the code it must be published under the same license i.e.
GPL.

Q: Can I copy the documentation freely?
A: Yes. They have been published under Creative Commons license. However, no derivative works are
allowed i.e. the copies must not include any modifications to the originals.

Q: I would like to write a solver for my own problem. Is it difficult?

A: It depends. Most solvers can be written as dynamically linked modules utilizing high level library
functions. A simple Poisson equation ready for all dimensions and all massively parallel simulations takes
just 30 lines of code, or so. Using some special element types for complicated vector valued equations is
more laborious and requires some know how of finite elements.

Q: I would like to contribute but I can’t program, is there anything I could do?

A: Yes. Often in the development defining what equations to solve, setting up appropriate test cases and
creating the computational mesh is easily 80% of the work load. If you can help in these aspects then the
actual coding work will be much more attractive to the developers. Also sharing your simulation work will
benefit the project by attracting new users.

Q: How are the new features of Elmer decided?

A: In large, Elmer development is guided by a number of externally funded projects which result to new
features in different application areas. For minor issues a good idea is often a sufficient starting point and
therefore feature requests and bug reports are always welcome.
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10.3 Parallel Overview

The parallel solution within Elmer utilizes the Message Passing Interface (MPI) standard for inter-process
communication. The distribution of load to the different processes is based on domain decomposition, as
shown in Figure 10.1. This implies that the mesh is split into N parts (if the parallel computation consists of
N processes).

unpartitioned partitioned mesh
mash

" -
—
J domain
_— |decomposition

1 ? " a

paralle combined result
solution
1'-.\.. : _i".,r:'f ‘
r___.,- |

unificationof | » + & & a =
M\ el I -

II -
<

Figure 10.1: Overview of Parallel Operation

10.4 Using the SaveLine solver for parallel computations

The SaveLine solver module allows the extraction of one or multiple data sets along lines through the com-
plete geometric domain. Such a line may cross concurrently calculated partition boundaries. The data output
from the SaveLine solver is dumped into different data sets, named accordingly anyhow.dat.0, anyhow.dat.1.
etc., the end number representing the partition domain of the parallel run.

The user or rather the evaluation program then has to take care that the data of the individual calculation
domains have to be recombined into one display. An example is given for a quad-core calculation of the
time dependent temperature profiles in a brick wall:
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" /rightthit.dat.0" using 8:1:5  +

%3% F o X il dat. 3" using 8:1:5
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Figure 10.2: Saveline

The image was obtained from GnuPlot, with the three different colours representing the data output from
three of the four partition domains. The fourth did not contribute data to the extracted line.

10.5 Making Animations

There are different variants for animating and making animations. Below some instructions are given.

10.5.1 Doing animation with ParaView

ParaView is a nice tool for doing animations. It has the advantage that the graphics card memory is not used
for the figures and therefore the animations may be done in the background, and the may be of any resolution
(even Full HD, 1920 x 1080).

To get the needed vtu files add the following sequence with the next free Solver id to your sif file, or use
ElmerGUI to add it.

Solver 5
Exec Solver = String "after timestep"
Equation = String "ResultOutput"
Procedure = File "ResultOutputSolve" "ResultOutputSolver"

Output File Name = String "case"
Output Format = String "vtu"
End

Then open the file case*.vtu in ParaView and perform the visualization as explained in the documentation
of ParaView. You may also use other tools based on VTK library (i.e. ViSit)

10.5.2 Running animation on the screen with ElmerPost

start ElmerPost

read the results in ReadModelFile menu selecting all the relevant timesteps
In Edit / Timestep Control Loop all the timesteps and check

that your animation is working

10.5.3 Saving the animation into a file

This assumes that you have the "savempg" plugin in the right-hand-corner of ElmerPost.
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Choose the plug—-in Modules / savempg

In the Savempg control pop-up window choose the packing

and parameters, and pres Start

In Edit / Timestep Control write the following string in the
"Do after frame" box savempg append and press "Loop"

In Savempg control pres Stop and you’re done.

In the VTK widget the animation is more or less similar, except there is no built-in plugin for doing
the animations. However, you can compose the animation from a sequence of frames with some auxiliary
program. Also in ElmerPost if you happen to miss the plugin you can create a set of files with setting in the
"Do after frame" box something like

$ xwd —-name "ELMER POST GRAPHICS" -out pic$t.xwd

where xwd is the system level call for grabbing the window.
You should note that the coding algorithms prefer multiples of 16. Hence you may tune the window size
for best performance by saying in the ElmerPost command line something like

winsize 1024 768

Or whatever your preferred size of animation is. Note that ElmerPost has the unfortunate handicap that
the visualization screen needs to be intact while doing the animations.

10.5.4 Animations with geometry deformation

Sometimes the geometry is changing with time. ElmerPost assumes that the node coordinates are defined in
the "nodes" matrix such that nodes=[x y z]. Now if you want to have the displacement/deflection included
in the nodes you should alter it accordingly i.e. x=x0+dx etc. For that we first save the original nodes:

math nO=nodes

The simplest case is if you have just one timestep/eigenvalue read: In the math window of the main
window

math nodes=n0+Displacementx*scale

and press the psychedelic button in the upper righthand corner. Here "scale" is a scaling factor of your
choice

When you have more than one step open "Timestep control" panel, write the following in the "Do after
Frame" field:

math nodes=n0+Displacement (0:2,time ($t))

and press the "Loop" button. Otherwise the making of animations is similar as in the basic case.

10.5.5 Animations of harmonic solutions

Sometimes it is nice to animation harmonic solutions or eigenmode as a time-dependent simulation. The
sinusoidal time-dependency may be done within ElmerPost. You need to create time-harmonic behaviour
on-the-fly in the main math window using a small loop. For example over 2*pi:

do i 0 20 { math phi=2*pi*$i/20; math
nodes=n0+Displacement (0:2,time (0)) +xsin(phi)*0.02; display}

or if you have a complex function, like in this case a complex pressure,

do i 1 50 \{ math phi=2xpi*$i/50; math nodes=n+Displacement*sin (phi)+1.0e-5;
math pres=Pressure.lxcos (phi)-Pressure.2xsin(phi); display; savempg append \}

In this case its a good idea to a priori set the scaling and fix it since otherwise the colorscale will be chang-
ing all the time. For sinusoidal movement the interval should be [-max(Displacement_abs),max(Displacement_abs)].
Otherwise the making of animations is similar as in the basic case.
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10.6 MATC

10.6.1 Introduction

Elmer uses MATC to evaluate mathematical expressions in the Solver Input Files. Also ElmerPost includes
MATC. MATC was written by Juha Ruokolainen. You can find the official manual at:

http://www.nic.funet.fi/pub/sci/physics/elmer/doc/MATCManual .pdf

10.6.2 Embedding in sif files

There are two options for embedding MATC in Solver Input Files. Variables can be defined as
gravity = Real $ 0 0 -1 » 9.81

which would be evaluated once at program start. or by
gravity = Real MATC 0 0 -1 » 9.81

which is evaluated every time the gravity variable is used.

10.6.3 Operator Precedence

The mathematical operations are evaluated from high to low precedence and within each level from left to
right (everything as usual).
The most important operators ordered from high to low precedence:

() (parentheses)

" ' (SPACE as a separator for vector components)
~ (power)

*/

+_

A full list can be found in the MATC Manual.

10.6.4 Scalars and Vectors

Vectors in MATC are written by separating their entries with spaces. Since the space forming vectors has a
higher precedence than the algebraic operations

min(3x4 2) = min(1l2 6) = 6
while
min((3*x4) 2) = min(l2 2) = 2

this can lead to strange behaviour of boundary conditions if the parentheses are forgotten.

10.6.5 Calling MATC from the command line

MATC can be called from the command line by entering

SELMER_HOME/bin/matc

Q00

CSC —IT Center for Science BY NG


http://www.nic.funet.fi/pub/sci/physics/elmer/doc/MATCManual.pdf

10. Elmerfem Wiki 84

Under Unix/Linux (and Windows) this should be part of your $PATH and entering ‘matc’ on the command
line should suffice, as shown in Figure 10.3.

CA\Windows\System32\cmd.exe - matc — [ >

Microsoft Windows [Version 10.0.19041.1052]
(c) Microsoft Corporation. All rights reserved.

C:\Elmer>matc
min(3*4 2)

o

min((3*4) 2)
p

Figure 10.3: MATC in command prompt

To quit using command line MATC, type quit, or just close the command prompt window.
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10.7 ParaView

10.7.1 Introduction

ParaView is a parallel visualization software developed by Kitware, Inc. and based on the Visualization
ToolKit (VTK). You can download it freely at:

http://www.paraview.org/paraview/resources/software.html

It is supported by Elmer using the old .vtk and the newer .vtu or .pvtu formats.

10.7.2 Generating Paraview output

Paraview output is generated by the ResultOutputSolver which is documented in the Elmer Models Manual.
Paraview vtu output is also generated automatically, for all variables, without specifically calling ResultOut-
putSolver, by including

Post File = case.vtu

in the simulation section of the sif file.

10.7.3 Paraview vtk files

VTK files contain the full set of variables (like the ElmerPost files). This often generates unnecessarily large
files which slow ParaView down. They can only be used in serial runs.
To generate .vtk output include the following section in your Solver Input File:

Solver NUMBER ! Set the correct solver number here.
! Usually you want to use the highest number
! so the results are saved at the end of a timestep.
Exec Solver = String "after timestep"
exec interval =1
Equation = String "ResultOutput"
Procedure = File "ResultOutputSolve" "ResultOutputSolver"
Output File Name = String "paraver." !or any output file name of your choice
Output Format = String "vtk"
Vtk Format = Logical True
End

10.7.4 Paraview vtu files

VTU is the new VTK Format for unstructured grids. To use it with Elmer, you have to specify each variable,
that you want to save, separately.

Solver NUMBER !Set the correct solver number here.
! Usually you want to use the highest number
! so the results are saved at the end of a timestep.
Exec Solver = String "after timestep"
exec interval =1
Equation = String "ResultOutput"
Procedure = File "ResultOutputSolve" "ResultOutputSolver"
Output File Name = String "paraver." l!or any output file name of your choice
Output Format = String "vtu"
Vtu Format = Logical True
Scalar Field 1 = Freesurfgradl
Scalar Field 2 = Freesurfgrad?2
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Scalar Field 3 = Height

Scalar Field 4 = Depth

Scalar Field 5 = Pressure

Vector Field 1 = Velocity
End

10.7.5 Error due to 32/64 bit floats
If paraview fails to read your .vtu files and complains about something like

vtkXMLUnstructuredGridReader (0x9749468): Cannot read point data
array "velocity" from PointData in piece 0. The data array in the
element may be too short.

This might be, because there are 64 bit floats declared as 32 bit floats in your .vtu files. In this case,
the best help is to change all occurrences of Float32 to Float64 in ResultOutputSolve.src and ResultOutput-
Solve.f90 and recompile. Alternatively, you can do this substitution on all .vtu files. Under Linux/...

sed -i s/Float32/Float64/ *.vtu

will do the job. Some versions of Paraview have this problem, some don’t.

10.7.6 Mesh Update

To make Paraview use the Mesh.Update variable, create a calculator filter and set the variable to Mesh.Update+coords
(from the Vectors drop down menu). Then activate Coordinate Results and press apply.

10.7.7 Parallel runs

When Elmer is run in parallel, it generates one .vtu file per partition and time step and a .pvtu file per time
step that contains references to all partitions. If ParaView refuses to display the pvtu files as a time series, a
.pvd (ParaViewData) file can help.

This python script will print out a .pvd file containing references to all .pvtu files in a directory. And sets
the time to be the number of the file.

#!/usr/bin/python
import glob

files = glob.glob (’*.pvtu’)
files.sort ()

print """<?xml version="1.0"?>
<VTKFile type="Collection" version="0.1l" byte_order="LittleEndian">
<Collection>

mmn

for (num,name) in enumerate (files):
print ’<DataSet timestep="’+str (num+l)+’" group="" part="0" file="'+name+’"/>’

print """</Collection>
</VIKFile>"""

10.7.8 Paraview node numbering

ParaView uses C-Style numbering, beginning at 0 and ending at Number_of_nodes-1. Thus, the node num-
bers in ParaView are always one below the numbers in Elmer.
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10.8 Crystal growth and phase change

One of the first applications of Elmer was the modelling of Czochralski crystal growth. Many features have
been developed this application in mind: Lagrangian phase change models, heat transfer via radiation, rotat-
ing coordinate system etc. Also Eulerian phase change models exist to account for tracking the phase change
interface.

The most relevant solvers in the Models Manual include:

HeatSolver: the heat solver with internal Eulerian phase change
MeshSolver: accommodates the mesh for Lagrangian case
TransientPhaseChange

SteadyPhaseChange

LevelsetSolver: a rudimentary version of Eulerian level-set technique

The most relevant test cases in the distribution include:

PhaseChange: Eulerian
PhaseChange2: Lagrangian and steady state
PhaseChange3: Lagrangian and transient

If you have any work you would like to share on this aspect of Elmer, please feel free to contribute.

10.9 Lubrication and squeezed films

Flow in narrow regions suites Elmer quite well since the Reynolds number is often rather small making the
equation elliptic in nature. The monolithic formulation of Elmer can deal with such flow fields with ease.
There is also a reduced dimensional Reynolds equation including the effects of cavitation. The lubrication
may also be quite easily coupled with elastic and thermal phenomena making Elmer applicable to a large
variety of problems.

The most relevant solvers in the Models Manual include:

FlowSolver: the 2d & 3d Navier-Stokes solver
ReynoldsSolver: the reduced dimensional flow solver

The most relevant test cases in the distribution include:

reynolds1: film pressure between rotating non-concentric cylinders in true 2D coordinates
reynolds2: film pressure between rotating non-concentric cylinders in the plane with periodic BCs
ElasticLubrication: simple 2D case with elastic

LubricationTunedForce: simple 2D with feedback for force control

If you have any work you would like to share on this aspect of Elmer, please feel free to contribute.

10.10 Pulling, drawing and extrusion

One of the early application areas of Elmer was the modelling of optical fiber drawing and fiber coating.
For this purpose there are some tailored models that are particularly well suited for resolving steady-state
pulling, drawing and extrusion problems. Later some models have been developed even more complicated
3D problems.
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The most relevant solvers in the Models Manual include:

FlowSolver: the Navier-Stokes solver

MeshSolver: accommodates for the mesh deformation
FreeSurfaceReduced: finds the radius assuming flux conservation
StructuredFlowLine: 2D and 3D extrusion problems

The most relevant test cases in the distribution include:
coating: coating in axisymmetric drawing process

If you have any work you would like to share on this aspect of Elmer, please feel free to contribute.

10.11 Electromigration

This section has been transferred from Wayback Machine downloads, and uses screen shots to capture some
of the equations and variable names accurately. The original working sif file and geo file are stored in the
‘tutorials-GUI-files’ folder and currently do not have a working ElmerGUI project.

10.11.1 Introduction

Until 2010, only expensive FEA suites like COMSOL, or specialized consultants, could do electrochemistry
simulations. Full treatment of this topic requires coupled solutions of the Navier-Stokes equations with
diffusion and electromigration (Advection Diffusion model) for convective mass transfer. With the addition
of electromigration, Elmer now has this capability.

10.11.2 Formulation

The Advection Diffusion equation is given in the Elmer Models Manual (using bold instead of arrows for
vectors):

where N is the total convective and diffusive flux given by:
Ni = —VCZ‘ — DZ‘VCZ‘ — MiCiV(b (102)

The third term in the flux is the Nernst-Planck electromigration term using mobility M; for species ¢ and
the gradient in electrical potential ¢. The mobility M; is in turn given by the Nernst-Einstein relation:

M; = D;ze/kT (10.3)

where z; is the ion charge for species 4, e the electron charge, k Boltzmann’s constant, and 7" the absolute
temperature.

10.11.3 Implementation

A new addition to the AdvectionDiffusion module implements this Nernst-Planck electromigration term.
The implementation is based on the similarity between the electromigration flux and the convection flux
v(C;, it adds the Nernst-Planck ion drift velocity to create an "effective velocity":
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The downside of this implementation is that because neither convection nor electromigration is in the
variational form, flux boundary conditions ignore them, so it is tricky to set boundary conditions properly.
Then again, this is generally true for electrochemical reactions... More on that another time.

This patch introduces only one new parameter or material property: the ion charge z;, the others are
already in the AdvectionDiffusion module or Elmer’s universal constants. If ion charge is zero, then this
term vanishes. Ion charge is now in the material properties section of the advection-diffusion GUI XML file,
and to the solver keywords.

Warning: this code does not create a velocity array, so one must use Navier-Stokes when modelling
electromigration. If one runs with non-zero ion charge to induce electromigration but without Navier-Stokes,
ElmerSolver fails with a segmentation fault.

10.11.4 Example

[DISCLAIMER: This example is for purposes of illustration and mathematical consistency verification only.
Material properties and results may differ from reality by orders of magnitude. Use at your own risk.]

The following example describes electroplating a small hemisphere with copper. This problem has an
axisymmetric geometry with a cylindrical container of aqueous copper sulfate (CuSO4) 0.01 meter in radius
and 0.01 meter deep, with the 0.005 meter radius hemisphere to be plated pointing downward into the center
of the container (along the axis of symmetry). Only the aqueous solution has a mesh, which is densest near
the hemisphere in order to resolve the diffusion/electromigration boundary layer there. To generate the mesh,
run Gmsh and import the geometry from the file ‘simple.geo.

The model includes:

» Electrical current using the StatCurrent module, with Nernst-Einstein ionic
conductivity o = gg + 3 M; ze Ny Ci/MW; (not yet concentration-dependent) where o

is electronic conductivity (assumed zero), Ny is Avogadro's number, and MW, is

molecular weight (used because C;is in kg/m3);

m Copper ion transport using the AdvectionDiffusion module with the electromigration
term above;

» Heat transfer driven by Joule heating of the solution and an optional temperature
difference across the cell;

» (Incompressible) Navier-Stokes flow of the aqueous solution driven by thermal
buoyancy, and possibly at some point by magneto-hydrodynamics.
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It assumes that charge transfer at the cathode is very fast, so copper plating current is
completely limited by mass transfer through the aqueous solution.

The initial condition has zero velocity, uniform temperature of 298 K, and copper ion

concentration of 0.1 kg/m3. Boundary conditions are:

» Cathode (hemisphere/quarter-circle): potential=0, concentration=0,
temperature=303 K, no-slip wall.

» Anode (right edge): potential=0.1, concentration=0.1 kg/m? (copper anode dissolvinc
due to anodic current), temperature=293 K, no-slip wall.

» Free surface (top): v,=0, all other BCs natural.

= Bottom wall: no-slip wall, all other BCs natural.

» Symmetry axis (left): v,=0, all other BCs natural.

Material properties are mostly those of water:

= Density: p = 1000 kg/m3
Heat capacity: ¢, = 4184 J/kg-K

Reference temperature: To = 298 K

Heat expansion coefficient: 8 = 104 K-1

Viscosity: ¢ =0.001 Pa-s
Thermal conductivity: k= 0.6 W/m-K

Copper ion diffusivity: D; = 109 m?/s

Copper ion mobility: M; = D; z; elkT = 8x108 m2/V-s

Electrical (ionic) conductivity: a; = M; ze Na C/MW;, when C=0.1 kg/m3, 0=0.024

(Qm)1.

All of these parameters and conditions are given in File:Np-case.sif
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10.11.5 Analytical Calculations

Under these conditions, the maximum electric field | E| should be about 0.1 V/5 mm = 20
V/m. With copper mobility of 8x108 m2/V-s, this produces ion drift velocity M; |E| around

1.5 pym/sec. If flow velocity is above this, it will disrupt the electromigration/diffusion
boundary layer.

At short times (Dt << R2), the boundary layer will grow as the square root of time: & ~
\Dt. At long times in an infinite domain, the boundary layer will stop growing around the
radius size: 0 ~ R, but in this finite domain, the concentration will slowly fall to zero.

With convection-diffusion, the boundary layer approaches a thickness given by the ratio
Dilvy, where vy is the normal velocity. Using the ion drift velocity calculated above, the

boundary layer thickness should be on the order of 0.6 mm.

[To do: add Grashof/Rayleigh number calculations to describe the nature of natural
convection flow and estimate velocities.]

10.11.6 Numerical Results

With no temperature difference (cathode and anode at 298 K like initial condition) and no electromigration
(zero ion charge), this results in simple growth of a diffusion boundary layer from the cathode hemisphere.
This trend is shown in the series of figures here: the diffusion boundary layer is twice as thick at 480 seconds
as at 120, and twice as thick then as at 30 (boundary layer thickness at 7.5 seconds is not accurate because
it is comparable to element thickness). This corresponds roughly to "electro-less" plating using a reducing
agent in solution instead of electrons at the cathode.

To regenerate the diffusion-only result, remove the line "Concentration Ion Charge = 2" from Np-case.sif
(above) and change the anode and cathode boundary condition temperatures to 298 K.

With no temperature difference at the boundaries but with ion charge of 2, the boundary layer grows as
before until about 120 seconds, then stops growing at about 1 mm thickness by 480 seconds, as predicted
above. Note that the boundary layer at 480 seconds is slightly thicker on the bottom than on the right,
because of the higher electric field there. Joule heating produces a small temperature increase, leading to
natural convection flow. But maximum vertical velocity is about 15 nm/s is much lower than the 1.5 {ijm/s
ion drift velocity. And with the 0.5-1 cm domain size and the diffusivity here, this gives a Peclet number of
0.075-0.15, indicating that convection is not a significant means of mass transfer.

To regenerate this electromigration result, change the anode and cathode boundary condition tempera-
tures to 298 in Np-case.sif (above). The hot cathode and cold anode boundary conditions given above lead
to a natural convection cell. The velocity reaches a maximum of around 1 mm/second at five seconds of
simulation time, then declines as temperature gradients smooth out. At this velocity, convection is a very
significant means of mass transfer, and it drags the low-copper region across the top then down in front of the
anode, approaching steady state at 480 seconds of simulation time as shown here. This illustrates coupling
of diffusion, Nernst-Planck electromigration, and flow driven by natural convection.

This simulation uses the full Np-case.sif input file as given above.

10.11.7 Future Work

It would be helpful for the AdvectionDiffusion module to export the Nernst-Einstein ionic conductivity
(tensor field) so one could just provide the electronic conductivity into the StatCurrent module and have it
add all of the ionic conductivities. This would let StatCurrent compute the full current accurately for Joule
heating and magneto-hydrodynamic forcing.
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Also, the example should have a better cathode boundary condition than zero concentration, full Butler-
Volmer isn’t necessary but at least a linearisation would be nice. As it is, ionic conductivity is zero at
the boundary, and there is only diffusive flux due to the concentration gradient, but this does not enter the
StatCurrent calculations.

In view of this, it might be best for AdvectionDiffusion to export the actual ion current density (vector
field), including electromigration and diffusion, for accurate coupling with StatCurrent and other modules.

10.12 Wood Modelling with Elmer

Currently (2012) several institutions start working to provide solvers for wood specific simulations. The first
one was a result of a master thesis written at Institute for Wood Technology Dresden/ Germany and chair of
non-linear solid mechanics at TU Dresden but others might follow.

Goal is to share those solvers and get linked with other institutions and private persons to advance the
solvers and deepen the understanding of transport phenomena and mechanical properties of wood and maybe
of wooden materials/composites, etc.

Elmer is used as a basis to provide the general methods used in finite element analysis and extended with
user-functions for non-linear parameters and solvers for non-linear (coupled) partial differential equations.

XTwoodSim, strongly coupled hygrothermal modelling below fiber saturation point. Follow this link to learn
more about XTwoodSim.
https://savannah.nongnu.org/projects/xtwoodsim/

Click on the link below to download the Elmer project files from this repository, including a sif file, mesh
files, and Fortran source files:
https://git.savannah.nongnu.org/cgit/xtwoodsim.git

Related Projects, the following projects have been dealing/are being dealt with using Elmer.
Hygrothermal modeling of parquet at:
https://www.ihd-dresden.com/en/home/
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Chapter 11

Elmer Virtual Machine

11.1 Download Elmer Virtual Machine

The Elmer website has instructions showing how to download a virtual machine.

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

Open that link, and there will be a directory with a few entries, as shown in Figure 11.1. Download two
files, ‘Readmelst.txt’ and ‘CSC Ubuntu20 Elmer.ova’. The .ova file is about 4 GB, so don’t try this over

dial-up!

Index of /pub/sci/physics/elmer/bin/VirtualMachines

Name Last modified

Size Description

a Parent Directory

a misc/ 2020-07-25 09:
ED old/ 2020-11-2¢6 21:
@ CSC_Ubuntu20_ Elmer.ova 2020-11-27 00:

@ CSC_Ubuntu20_Elmer.ova.md5sum 2020-11-27 03:

Readmelst.txt 2020-11-27 03:

15

40

26

09

16

57

.5K

Figure 11.1: www.csc.fi/web/elmer/bin/VirtualMachines

Create an appropriate folder, such as ‘Elmer/VirtualMachine’, and copy both files into that folder.

11.2 Install Elmer Virtual Machine

Open the file ‘Readmelst.txt’, and follow the instructions for installing the .ova file in Virtual Box. Open

Import Appliance, as shown in Figure 11.2.
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Import Virtual Appliance

Appliance to import
Flease choose the source to import appliance from. This can be a local file system to import OVF archive or one of known cloud service providers to
import cloud VM from.
Source: | Local File System -

Please choose a file to import the virtual appliance from. VirtualBox currently supports importing appliances saved in the Open Virtualization Format
(OVF). To continue, select the file to import below.

File: | Ll

Figure 11.2: Import Appliance

Select the .ova file in the ‘Elmer/VirtualMachine’ folder, as shown in Figure 11.3.

Import Virtual Appliance

Appliance to import
Please choose the source to import appliance from. This can be a local file system to import OVF archive or one of known cloud service providers to
import cloud WM from.
Source: | Local File System -

Please choose a file to import the virtual appliance from. VirtualBox currently supports importing appliances saved in the Open Virtualization Format
(OVF). To continue, select the file to import below.

File: |C:\Code\EImer\\-’ir‘tuaIMachine\CSCﬁUbuntuZDfEImer.wa Ll

Figure 11.3: Select the .ova file

Click ‘Next’ at the bottom of the screen. The ‘Appliance settings’ screen, as shown in Figure 11.4, will
open.
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& Import Virtual Appliance

Appliance settings

These are the virtual machines contained in the appliance and the suggested settings of the imported VirtualBox machines. You can change many of the
properties shown by double-clicking on the items and disable others using the check boxes below.

Virtual System 1

45 Name €SC_Ubuntu20_Elmer

,5/ Description This appliance is provided WITHOUT ANY WARRANTIES
] Guest 0s Type P4 Ubuntu (64-bit)

{J cru 2

& raM 3072 MB

@ pvD

£ USB Controller

[ sound card ICH ACS7

= Network Adapter [“lIntel PRO/1000 MT Desktop (82540EM)

4 > Storage Controller (IDE)  PlIX4

> Storage Controller (IDE)  PliX4

v & Storage Controller (SATA) AHCI
IjZ Virtual Disk Image C5C Ubuntu20_Elmer-disk001.vmdk

Base Folder C\Users\richa\\VirtualBox VMs
(]a| Primary Group /
Machine Base Folder: | C:\Code\Elmer\VirtualMachine\Virtualvm ~
MAC Address Policy: | Include only NAT network adapter MAC addresses -

Additional Options: Import hard drives as VDI

Appliance is not signed

Restore Defaults Import Cancel

Figure 11.4: Appliance settings

Take the defaults for the settings. The only (optional) exception to the defaults will be the ‘Machine Base
Folder’, which you may or may not want to change, so you can locate the VM right where you want it. Also
verify that you have enough installed RAM to match the default RAM setting of 3 GB. When you are ready,
click on ‘Import’. Agree to the license agreement. Importing the virtual disk image will take about five to
ten minutes, depending on the speed of your hard drive, refer to Figure 11.5.
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€ Import Virtual Appliance

Appliance settings

These are the virtual machines contained in the appliance and the suggested settings of the imported VirtualBox machines. You can change many of the
properties shown by double-clicking on the items and disable others using the check boxes below.

Virtual System 1

28 Name C5C_Ubuntu20_Elmer

é Description This appliance is provided WITHOUT ANY WARRANTIES
B Guest 05 Type Ubuntu (64-bit)

@ cru 2

& rRam 3072 MB

@ ovo =

: ¥# Importing Appliance ... Importing appliance ‘C:\Code\Elmen\VirtualMa..
£ UsB Controller | "MPOTing APP porting app \Code\Elmen

I'DJ Sound Card /'_,.,— Importing virtual disk image 'CSC_Ubuntu20_Elmer-disk001.vmdk' ... (2/3)
i!l Network Adapt (

I o X
> Storage Control
& 1 minute remaining
\> Storage Control

4 & Storage Controherwormmy—rorer
@ Virtual Disk Image CSC_Ubuntu20_Elmer-disk001.vmdk

Base Folder CAUsers\richa\VirtualBox VMs
({al Primary Group I
Machine Base Folder: | C:\Code\EImer\VirtualMachine\VirtualvM ~
MAC Address Policy: | Include only NAT network adapter MAC addresses b

Additional Options: Import hard drives as VDI

Appliance is not signed

Restore Defaults Import Cancel

Figure 11.5: Importing the virtual disk image

Once Virtual Box is done importing the appliance, as usual with Virtual Box take a snapshot and then
start the new virtual machine. It should notify you that updated software needs to be downloaded, as shown
in Figure 11.6.

16Feb 18:20

Gt

elmeruser

&

Settings

[T ERIC v [EIOEY

Figure 11.6: Update software
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Go ahead and update, when prompted, enter ‘elmerfem’ to authenticate. After updating is finished, it
will restart once. Shutdown and take another snapshot, now you have a fully updated Elmer Virtual Machine
that you can always restore if needed.

11.3 Update Keyboard

Next, let’s verify the settings for Region and Language in Ubuntu. More than likely, we will need
to change the keyboard layout to suit your particular region. The default keyboard layout is for a Finnish
keyboard. If you have any issues at all with the keyboard layout, be sure to go through these steps to update
your keyboard setting.

For example, when initially starting the freshly downloaded and updated Virtual Machine with Ubuntu,
and using an English keyboard laptop, entering the following in a terminal had a problem: °./buildelmer.sh’.
Pressing the key for the forward slash yielded a hyphen, and caused an error. Updating Region and
Language in Ubuntu fixed the issue.

Locate the settings icon, as shown in Figure 11.7, and double click to open Settings.

W8 < Uhuntu?0 Elmer (Snanchot 79 TRunninal - Oracle WM VirtualBos
CSC_Ubuntu20_Elmer (Snapshot 7) [Ru g] - Oracle VM VirtualBox
Mar 20 1651

elmerusern

< Settings

Figure 11.7: Settings Icon

Scroll down the page and locate the entry for Region and Language, as shown in Figure 11.8, and
double click to open. You should see that the keyboard is set to Finnish.
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Settings S Region & Language
Privacy
N Language English (United States
5 Online Accounts S glish( )

Sharing Formats United Kingdom

Sound

Input Sources

Power
& Displays Finnish (classic, no dead keys)
) Mouse & Touchpad
= Keyboard Shortcuts
Manage Installed Languages
=) Printers
] Removable Media
» Color
Region & Language

Universal Access

0, Users

Figure 11.8: Region and Language

Click on the plus sign to add a keyboard as an input source, as shown in Figure 11.9.

Region & Language

Cancel Add an Input Source

English (Australia)

English (Canada)

English (United Kingdom)

English (United States)

Finnish

Figure 11.9: Add an Input Source
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Select your region, as shown in Figure 11.10.

Cancel Add an Input Source

English (US)

Cameroon Multilingual (Dvorak)
Cameroon Multilingual (QWERTY)
English (Australian)

English (Cameroon)

English (Canada)

English (Colemak)

English (Dvorak)

Figure 11.10: Select your region

Add your region, as shown in Figure 11.11.

Region & Language

Cancel Add an Input Source

Cameroon Multilingual (Dvorak)

Cameroon Multilingual (QWERTY)
English (Australian)

English (Cameroon)

English (Canada)

English (Colemak)

English (Dvorak)

Figure 11.11: Add your region
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You should see two keyboard layouts, as shown in Figure 11.12.

Region & Language

Language English (United States)

Formats United States

Input Sources

Finnish

English (US)

Manage Installed Languages

Figure 11.12: Two keyboards

Go ahead and delete the old keyboard layout since you won’t need it any more, as shown in Figure 11.13.

Region & Language

Language English (United States)

Formats United States

Input Sources

English (US)

Manage Installed Languages

Figure 11.13: Final result, updated keyboard layout

That’s it, you are done and can close the settings window.
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Chapter 12

Linux

12.1 Imstall Elmer in Linux

The Elmer website has instructions showing how to download binaries, including Linux binaries from
Launchpad. Here is a quick summary of the steps needed to install Elmer in Linux.

https://www.csc.fi/web/elmer/binaries

Notice the section about using Launchpad Ubuntu and Debian based systems, as shown in Figure 12.1:

Search..

g} Elmer

Elmer Binaries Sources and compilation Documentation White papers Application examples User forums Links Services and contact

Elmer / Binaries

Binaries
Elmer

The compilation of Elmer project has recently being moved to cmake. The old gbu autotools
Binaries based version is not developed since Feb 2015. There are still old instructions

and distributions around but you should avoid these if you require a fresh Elmer installation.
Sources and compilation
There are a number of different ways to obtain the fresh Elmer version which are reviewed here.

Documentation Windows installer

White papers There is a nightly build for Windows both with and without mpi updated rather frequently at.

https://sourceforge.net/projects/elmerfem/
Application examples

Currently only 64-bit version is supported.
User forums

Launchpad
Links There is a Linux version at launchpad that can be used on Ubuntu and Debian based systems:
$ sudo apt-add-repository ppa:elmer-csc-ubuntu/elmer-csc-ppa

$ sudo apt-get update
$ sudo apt-get install elmerfem-csc

Services and contact

Figure 12.1: www.csc.fi/web/elmer/binaries

sudo apt-add-repository ppa:elmer-csc-ubuntu/elmer—-csc—ppa
sudo apt—-get update

sudo apt—-get install elmerfem-csc

sudo apt-get install elmerfem-csc-eg
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Installing elmerfem-csc will install Elmer, then installing elmerfem-csc-eg will add ElmerGUI to Elmer.
To start ElImerGrid and ElmerSolver, enter this in a terminal window:

/bin/ElmerGrid
/bin/ElmerSolver

To run ElmerGUI, enter this in a terminal window:
/bin/ElmerGUI
Next, install Paraview:

sudo apt—-get update
sudo apt-get install paraview

Start ElmerGUI, run the first tutorial, and start Paraview from within ElmerGUI, by clicking on ‘Run’,
then ‘Start Paraview’.
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