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Instructions for the Elmer tutorials
using ElmerGUI

Here are some general instructions for following the Elmer tutorials

The Elmer tutorials consist of the tutorial documentation and the tutorial folders. For example, these
ElmerGUI tutorials are described in the document *ElmerTutorials.pdf” and the working project files
are stored under the folder ’tutorials-GUI-files’.

If you need a copy of the folder ’tutorials-GUI-files’, it can be downloaded from: https://www.
nic.funet.fi/pub/sci/physics/elmer/doc/

Each sub-folder under ’tutorials-GUI-files’ contains all the files needed to run a particular tutorial,
such as the ElmerGUI project file, the geometry input file, and the generated mesh files. If you wish
to just run the existing project tutorial and examine the resulting output, start ElmerGUI and load the
existing project.

If you are more interested in learning how to use ElmerGUI by constructing an ElmerGUI project
from the beginning, the first step will be to create your own sub-folder, and copy in the geometry input
file from the tutorial of interest. Then start ElmerGUI and create a new project, following the step by
step instructions in each tutorial.

Many examples of geometry input files should be available among the ElmerGUI/samples direc-
tory that should have come with the Elmer installation. Look under a subdirectory named after the
suffix of the sample file, where the suffix indicates the type of geometry format.

The instructions written in verbat im refer to operations with the GUI. Indentation means step in
the menu hierarchy. The ElmerGUI instructions should not be mixed with the statements in the .sif
command file.

The menu structure for the default set of equations is located in directory edf, there are a few addi-
tional ones in directory edf-ext ra. These may be copied to the directory edf permanently, or may
be appended to the menus while running the ElImerGUI.

The default menu structure may differ from the configuration used when writing the tutorial. Hence
the user is encouraged to check by herself whether the menu structure needed for a particular tutorial
has been loaded into ElmerGUI.

After having once defined the case in ElmerGUI you may go to the working directory and launch
ElmerSolver from command-line. There you may manually edit the .sif file using a text editor to alter
the parameters.

Manual alteration to the .sif file will not be communicated to the ElmerGUI project. All edits or
changes will be overwritten by ElmerGUI the next time the project is saved. Copy the manually
altered .sif files to another folder or change the name of the .sif file, to prevent losing your edits.
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o [t is assumed that the default method for visualization uses .vtu format result files. ElmerPost
that uses the . ep format is no longer available in most installations. Fortunately, most of the tutorials
currently output . vtu format result files, so Paraview (or ElmerVTK) may be used for visualization.

e Since ElmerGUI v. 9.0 the ElmerVTK widget that comes built into ElmerGUI has been upgraded to
use .vtu files. ElmerVTK may be an ideal visualization tool for most straight-forward demonstra-
tions, since it is easy to use. More complicated applications, such as animation of transient studies,
may require the use of Paraview. Regardless of which post processing visualization tool is used, the
construction of an ElmerGUI project remains the same for both.

o These cases have been run a number of times but errors are still possible. Reporting them to elmer-
adm@csc.fi, for example, or posting in the Elmer Forum at http://www.elmerfem.org/forum/
is greatly appreciated.
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Tutorial 1

Heat equation — 3D — Temperature field
of a solid object

Directory: TemperatureGeneric
Solvers: HeatSolver

Tools: ElmerGUI,netgen,OpenCascade
Dimensions: 3D, Steady-state
Author: Mikko Lyly, Peter Raback

Introduction

As the first tutorial in ElmerTutorials.pdf, the basic usage of ElImerGUI will be demonstrated. New users of
Elmer are invited to use this tutorial to learn how to use ElmerGUI and Elmer. Geometry will be provided,
since creating geometry can be a barrier to using Elmer. Basic steps for geometry creation, for Windows
users and for Linux users, are covered in the document GetStartedElmer.pdf.

Case definition

This tutorial tries to demonstrate how to solve the heat equation for a generic 3D object. The solid object
(see figure 1.1) is heated internally by a heat source.

Figure 1.1: Generic object being heated

Q00
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1. Heat equation — 3D — Temperature field of a solid object 8

At some part of the boundary the temperature is fixed. Mathematically the problem is described by the
Poisson equation

—kAT = pf in Q
{ T = 0 on I (1.1

where « is the heat conductivity, T is the temperature and f is the heat source. It is assumed that density and
heat conductivity are constants.

To determine the problem we assume that part of the boundary is fixed at T = 293 K, the internal heat
generation is, h = 0.01 W/kg, and use the material properties of aluminium. ElmerGUI has predefined
values for many constants and material properties defined with SI units, so we will use SI units throughout
this tutorial. The goal of the simulation is to find out the temperature distribution in the object.

Existing Project

The Elmer tutorials consist of the tutorial documentation and the tutorial folders. For example, these Elmer-
GUI tutorials are described in the document ’ElmerTutorials.pdf” and the working project files are stored
under the folder "tutorials-GUI-files’, and both can be downloaded from: https://www.nic.funet.
fi/pub/sci/physics/elmer/doc/

Each sub-folder under ’tutorials-GUI-files’ contains all the files needed to run a particular tutorial, such
as the ElmerGUI project file, the geometry input file, and the generated mesh files.

If you wish to just run the existing project tutorial and examine the resulting output, start ElmerGUI and
load the existing project file as follows:

File

Load Project...
Run

Start Solver

You should see the Convergence Monitor and the Solver log windows pop up, and the solution finish in
a few moments in most cases. The results can then be examined using ElmerVTK or Paraview, as follow:

Run
Start ElmerVTK

or

Run
Start Paraview

New Project

If you are more interested in learning how to use ElmerGUI by constructing an ElmerGUI project from
the beginning, then the next few sections will describe in detail the step by step actions needed to build an
ElmerGUI project. The first step will be to create your own project folder, and copy in the geometry input
file from the tutorial of interest. Then start ElmerGUI and create a new project, as follows:

Run
New Project...

Start at the top and select the project directory as shown in Figure 31.3. Then select the Geometry input
file, that was copied into your project folder. This could either be an elmer mesh or a geometry input file,
such as an elmergrid input file. Lastly, if additional Equation Definition Files are needed for the tutorial,
select as many as needed in the right hand box and add them to the left hand box. Finish by clicking on OK.

Q00
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1. Heat equation — 3D — Temperature field of a solid object 9

E MNew project ? i

Project directory

Select project dir ‘ | ‘

Geometry input

(" Elmer mesh Select mesh dir ‘ | ‘

(" Geometry file  Select geometry file

(% Later

Equation definition files (EDFs) - you can anytime add extra EDFs from File->Definitions menu

Default EDFs Extra EFDs to be added

electrostatics.xml advection-diffusion.xml o
heatequation.xm| advection-reaction.xml|
helmholtz.xml :

linearelasticity.xml A coilsolverxml
<< Add .

meshdeform.xml divergencesolverxml|
navier-stokes.xml e e elasticplatexml
resultoutput.xml emaove =

fluxsolver.xml

freesurfacexml

k-epsilonxml j

Figure 1.2: New Project

ElmerGUI Equation Definition Files

The New Project screen automatically locates and lists all of the available EDFs. The left side of the screen
lists the Default EDFs, which will be loaded into each ElmerGUI project. The right hand box lists all of the
extra EDFs, that are not normally loaded, allowing the option to add individual extra EDFs to a new project.

This tutorial will use the Default EDF, heatequation.xml, for the Heat Solver.

Solution procedure

Start E1lmerGUI from command line or by clicking the icon in your desktop. Here we describe the essential
steps in the ElmerGUI by writing out the clicking procedure. Tabulation (indentation) generally means that
the selections are done within the window chosen at the higher level.

The geometry is given in step format in file pump_carter_sup.stp in the samples/step di-
rectory of ElmerGUI. This file is kindly provided at the AIM@SHAPE Shape Repository by INRIA. The
heat equation is ideally suited for the finite element method and the solution may be found even at meshes
that for some other problems would not be feasible. Therefore you may easily experiment solving the same
problem with different meshes. If your particular version of ElmerGUI lacks OpenCascade, you might
try to solve a similar problem with the grd files angle3d.grd, angles3d.grd, bench.grd, or
cooler.grd, for example.

The CAD geometry defined by the step file is transformed on-the-fly by OpenCascade library into an stl
file for which nglib creates tetrahedral volume discretization. You may also use the tetlib library (tetgen) if
you have installed it as a plug-in.

Load the input file:

File
Open —> pump_carter_sup.stp

The meshing will take a minute or two. You should obtain your mesh and may check for the number of
elements in the Model summary, as shown in Figure 1.3.

Q00

CSC —IT Center for Science BY NG



1. Heat equation — 3D — Temperature field of a solid object 10

E ElmerGU
File Mesh Model View Sif Run Help
[P Domdd B ]/ @lwiwanxna 5E@H»
Object | Value
EF Geometry
pump._...
- Boundary >
T AVA
= Model
;? EZuaTlon [Add..] . ,iﬁm%:.n
~ Material [Add..] ‘ 4gﬂ'b"
.~ Body f [Add..]
v oiin_paa 1’» s
1

Boundary condition [Add...

E Model summary

FINITE ELEMENT MESH

Mesh dimension: 3

Leading element dimension: 3
Nodes: 7934

Volume elements: 34559
Surface elements: 8338

Edge elements: 12507

Point elements: 0

ELEMENT TYPES
504: 34559
303: 8338

202: 12507

BOUNDING BOX

X-coordinate: [ -139.656 , 216.054 ]
Y-coordinate: [ -101.655, 148.073 ]
Z-coordinate: [ -18, 56 ]

Figure 1.3: The computational mesh based on default settings

Visual inspection reveals that the mesh is not quite satisfactory in geometric accuracy. We choose to
modify the mesh by altering the settings in the following way, as shown in Figure 1.4. In order to affect the
mesh density we set the maximum element size, max h, and the minimum element size, min h, and select
the option to restrict mesh size on surfaces by the STL surface density. Note that one must click on Mesh,
Remesh in order for the new settings to be applied.

E Geometry input preferences

— Surface triangulation (units relative to model size)

Deflection:  |0.00025

Feature angle: IE[]

v Merge vertex points

—Volume tetrahedralization (units relative to model size) -

Max. h: IU.l

Min. h: o.005

|v Restrict mash size on surfaces by STL density

Deflection is the largest acceptable distance from the

real surface to surface triangulation. Feature angle is

the smallest angle which defines an edge on a surface.

pply

Figure 1.4: Refinement settings
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1. Heat equation — 3D — Temperature field of a solid object 11

View —> Cad model...
Model -> Preferences...
Restrict mesh size on surfaces by STL density = on
Apply
Mesh —-> Remesh

The meshing operation takes a minute or two. The modified mesh should be more appealing to the eye.
For example, notice the improvement in the inside diameters of the bores, they are more circular in shape.
You may check for the number of elements in the Model summary, as shown in Figure 1.5.

Note that the remeshing operation will change the Elmer mesh.* files, but will not change the original
geometry input file. The original step CAD file is unchanged, so any time the original geometry input file is
input or reread, the meshing operations must be repeated.
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Body force [Add..] 5 O DA AL A D
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E Model summary R

e
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FINITE ELEMENT MESH

Mesh dimension: 3

Leading element dimension: 3
Nodes: 38447

Volume elements: 181214
Surface elements: 39174
Edge elements: 58761

Point elements: 0

L7

v .
PRLAA
e
i,
Dokt
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Sk
ey

e
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1
A
A <
e AWV S
T s

b s

&
s

o
;
PE

ELEMENT TYPES
504: 181214
303: 39174
202: 58761

BOUNDING BOX

X-coordinate: [ -140.433, 216.064 ]
Y-coordinate: [ -101.988 , 148.107 ]
Z-coordinate: [ -18, 56 ]

Figure 1.5: Refined mesh

We want to set the temperature at the inside of the three bores, each of which have two interior surfaces.
We could set the boundary conditions by selecting all six surfaces, one at a time, as shown in Figure 1.6.

ElmerGUI has the capability to join boundary surfaces, so that we can unite all six boundaries into a
single boundary, which will make it easier to apply our boundary conditions for the simulation. We demon-
strate this optional step of *Unify Surface’ next. Note that the Elmer mesh.* files will be updated with the
changed boundary surfaces, and the original geometry input file will be unchanged.

Q00
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1. Heat equation — 3D — Temperature field of a solid object 12

E EimerGul
File Mesh Model View Sif Run Help
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Boundary 49 i’ﬁhﬂ%“%““
Boundary 50 A‘ﬁ%‘&}éﬂ%&w%
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Boundary 57 % e, PR T A R
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Boundary 59 e Lot v, %E%‘v}vvﬂﬂm"’:%"
Boundary 60 S R o i < S
s : T AR,
Boundary 61 e A AV S
Boundary 62 S #e"v g e
Boundary 63 it
urare ST
Boundary 64 é@:%!jmm
» &5 A%
Sounjary 22 R ; ﬁ‘:%‘;% )Y
oundary s S Vs
Boundary 67 TATAY R ‘q:i;
T ERARTES
Boundary 68 SRR EE%%E
R A I ch
Boundary 69 % Ei;\ﬂe:%
Boundary 70 SO S
R S
Boundary 71 5 53_1?55%’
Boundary 72 SR O
Boundary 73 R 5 :‘A"":‘ n
& s
Boundary 74 o '
3R
Boundary 75 aﬁ;ﬁgsﬁv
Boundary 76 AR

Figure 1.6: The computational mesh selecting one of the six interior boundaries

In order for ElmerGUI to unite surface boundaries, we must select the six pieces that constitute the
boundaries. Select the first surface by double clicking on the surface, then add the next five surfaces to the
selection by double clicking while holding down the Ct r1-key. Once all six surfaces are highlighted, use
the menus to unify the surfaces.

Mesh
Unify Surface

E EimerGUI
File Mesh Model View Sif Run Help

2 SEEHE B2 @ @eerre LB (SR W
Object ‘Value
Boundary 43
Boundary 44
Boundary 45
Boundary 46
Boundary 47
Boundary 48
Boundary 49
Boundary 50
comiany 2
O AT R e =
Boundary 53 £ 7 v‘:l;é‘s 2 F}%ﬁ%&‘ﬁ%&y 2 A'%:‘g:'
Boundary 54 : "‘s‘é‘ik‘gagm chl ’%’ﬂr
Boundary 55 b 4 “
Boundary 56
Boundary 59 & S »‘lﬁ‘é‘%';,'é‘,{,
Boundary 60 "‘.,..
Boundary 61 ‘Et:\;;' 'é
Boundary 62 E::,;Es.:_ :4:%:’;‘.
Boundary 63 SIS iy
B
Boundary 64 K il
Boundary 65 Aqsg,v
Boundary 66 %a:_s,
Boundary 69 i
Boundary 70
Boundary 71
Boundary 72

Figure 1.7: The computational mesh after uniting the six interior boundaries
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1. Heat equation — 3D — Temperature field of a solid object 13

After we have the mesh we start to go through the Model menu from the top to bottom. The EDF
menus include default settings for each entry, and we will highlight which particular entries should be set or
changed.

In the Setup we choose things related to the whole simulation such as file names, time stepping, con-
stants etc. The simulation is carried out in 3-dimensional Cartesian coordinates and in steady-state. Only
one steady-state iteration is needed as the case is linear.

For this particular case, we can accept all of the default settings under Setup. While the Setup window
is open, take a look at all of the possible entries, as shown in Figure 1.8. Note the two free text input boxes,
one at the top and the other at the bottom. Use the free text input boxes to add entries to the sif file such as
comments about the model, or define constants, enter MATC commands, etc.

Model
Setup
Simulation Type = Steady state
Steady state max. iter = 1

Choose Apply to close the window.

E Setup ? X b
B B (gl
yelw
B Header [
Object
= Geometry [v Check keywords warn
Input file MeshDE ‘
+- Body
=~ Boundary Include path
= Model i Results directory ‘
Equation
Material
Body force AeiEd
Initial conditiol
Boundary cond Simulation
Max. output level 5 = | Steady state max. iter |1
Coordinate system | Cartesian = | Timestepping method |BDF =1
Coordinate mapping (123 BDF order 1 -1
Simulation type Steady state | Timestep intervals
Output intervals 1 Timestep sizes
Coordinate Scaling Angular Frequency
Solver input file case.sif Post file case.vtu
Free text
Constants
Gravity 0-1009.82 Boltzmann 1.38064%e-23

Stefan Boltzmann  |5.670374419e-08 Unit charge 1.6021766e-19
Vacuum permittivity |8.85418781e-12 WVacuum permeability |1.25663706e-6

Free text

" Apply

Figure 1.8: The Setup window

In the equation section we choose the relevant equations and parameters related to their solution. In this
case we’ll have one set only one equation — the heat equation, as shown in Figure 1.9.

When defining Equations and Materials it is possible to assign to the bodies immediately, or to use
mouse selection to assign them later. In this case we have just one body and therefore it is easier to assign
the Equation and Material to the body directly, whereas the active boundary is chosen graphically.

CSC —IT Center for Science



1. Heat equation — 3D — Temperature field of a solid object 14

Model
Equation
Add
Heat Equation
Active = on

Apply to bodies = Body 1
Name = Heat Equation
Add
OK

For the linear system solvers we are happy to use the defaults. Click on Edit Solver Settingsto
review the possible settings. One may however, try out different preconditioners (ILUT,...), for example.

+- Body i _
4 Boundary E Equation O b4
4 Model
=~ Equation [Add..] Electrostatics Electrostatics ] Heat Equation I Heh_b
Equation 1 Activate for this equation set

Material [Add..] ]

Body farce [Add..] A v

Initial condition [Add..] Give Execution priority

Boundary condition [Add..] Priarity [

Apply to bodies:
[v Body Property 1

\ Edit Solver Settings ‘

Name: |Heat Equat\0n|

© New ‘ '-“;‘Add W 0K ‘ eCanceI ‘

Figure 1.9: The Equation window

The Material section includes all the material parameters. The tabs near the top for each equation are
divided to generic parameters which are direct properties of the material without making any assumptions
on the physical model, such as the mass. Other properties assume a physical law, such as heat conductivity.
We choose Aluminium from the Material library which automatically sets the needed material properties.

Model
Material
Add
Apply to bodies = Body 1
Material library
Aluminium (generic)

Add
OK

Click on the tabs near the top of the window, such as ’General’ or "Heat Equation’, to inspect the values
set by selecting the predefined material from the Material Library, as shown in Figure 1.10.

.
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)bject |Va|ue
+- Geometry
Input file pump_cat
+- Body
+- Boundary
1 Model
I Equation [Add..]
Heat Equation
-1~ Material [Add..]
Aluminium (g...
Body force [Add..]
Initial condition [Add..]

Boundary condition [Add..]

E Material

General ] Electrostatics ] Electrostatics

- O X

Heat Equation ] 4

Properties

-

Density |2700.0

Heat Capacity [897.0

Specific Heat Ratio [

Reference Temperature [

Reference Pressure [

Heat expansion Coeff.  [23.1e-6

Free text input

Le |

Apply to bodies:
[v Body Property 1

‘\ Material library

Name: |A\uminium (generic)

O New | % Update

W oK

== Remaove |

Figure 1.10: The Material window, showing the General tab

A Body Force represents the right-hand-side of a equation that in this case represents the heat source.

Model
Body Force
Add
Heat Equation
Heat Source = 0.01
Apply to bodies = Body 1

Name = Heating
Add
OK

Click on the tabs near the top of the window, to show the "Heat Equation’ tab, and inspect the possible

values, as shown in Figure 1.11.
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1. Heat equation — 3D — Temperature field of a solid object 16

-I- Geometry
Input file pumj E BodyForce | X
- Body
- Boundary Electrostatics I Electrostatics Heat Equation 1 Heli 4 P
= Model -
3 Volume sources —
= Equation [Add
Heat Equation Heat Source
= Material . 3 [Add Integral Heat Source
Aluminium (generic)
= Body force [Add Smart Heater Control
Heating Friction Heat
Initial condition [Add Joule Heat
= Boundary condition [Add Bodywise Dirichlet Conditions
RoomTemp Temperature
Temperature Condition
Perfusion
Perfusion Rate

Apply to bodies:
[v Body Property 1

Name: |Heatmg

O new ‘ & Update

Figure 1.11: The Body Force window, showing the Heat Equation tab

No initial conditions are required in a steady state case. Initial conditions are usually only needed for
transient studies. Note that the default temperature setting for any model is zero, which doesn’t affect a
steady state study, but will be important for a transient study. The Initial Condition input window is similar
to the Body Force window, as shown in Figure 1.12.

= Geometry - —
Input file pumy E InitialCondition — O e
+- Body
+- Boundary Electrostatics ] Electrostatics Heat Equation Heh_b
= Model ]
5 Equation [Add Variables
Heat Equation Temperature |
- Material [Add Free text input
Aluminium (generic)
- Body force [Add
Heating
= Initial condition [Add

InitialCondition 1
= Boundary condition [Add
RoomTemp

Apply to bodies:
[v Body Property 1

Name: |InitiaICOnditi0n 1

O new ‘ -J;‘-Add W 0K | € cancel |

Figure 1.12: The Initial Condition window, showing the Heat Equation tab

@0l
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1. Heat equation — 3D — Temperature field of a solid object 17

In this case we will set only one boundary condition, which will be a fixed surface temperature, set to
room temperature. You may have noticed that there are many surface boundaries listed for the geometry, as
previously shown in Figure 1.6. For the heat equation, the default boundary condition is zero heat flux, or
fully insulated, and for this example case we don’t need to create boundary conditions for the other surfaces.

First we create the boundary condition, as shown in Figure 1.13. Note that we do not assign the new
boundary condition to any particular boundary, that assignment will happen when we set the boundary
properties.

Model
BoundaryCondition
Add
Heat Equation
Temperature = 293.0

Name = RoomTemp
Add
OK
= Geometry .
Input ile pum| E BoundaryCondition ] X
+- Body
+- Boundary aral ] Electrostatics ] Electrostatics Heat Equation ‘&
= Model Dirichlet Conditions =
-l Equation [Add
Heat Equation Temperature 293.0
N Material_ 3 . [Add Temperature Condition
Aluminium (generic)
- Body force [Add i Heat Flux conditions
Heating 3 Heat Flux
-I-- |nitial condition [Add

Heat Transfer Coeff.
External Temperature

InitialCondition 1
-1 Boundary condition [Add

BoomIEnp Latent heat of phase change

Phase Change [

Heat Gap

Heat Gap [ j
e

Apply to boundaries:

[~ Boundary 1 [~ Boundary 2

™ Davndsm 2 [ Davndamea ﬂ

MName: |R00mTemp

° Mew

%" Update ¥ OK ‘ == Remove ‘

Figure 1.13: The Boundary condition window

Then we set the boundary properties, as shown in Figure 1.14. Select our desired boundaries and then
assign a boundary condition to those boundaries.

Model
Set boundary properties
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Object ‘ Value 12]
Boundary 47
Boundary 48
Boundary 49
Boundary 50
Boundary 51
Boundary 52
Boundary 53
Boundary 54
Boundary 55
Boundary 56
Boundary 57 RoomTemp
Boundary 59
Boundary 60
Boundary 61
Boundary 62 e
Boundary 63 .ﬁaggr
E i Dt
Properties for boundary 57 T
g
Yy
Properties e
[
s
Boundary condition RoomTemp ] :"““Ef:
R
e
pate | ot
" Update € cancel ‘ e
AV
Boundary 76 ;A%?‘%:‘;ﬁ‘}g,

Mevimdae. 70

Figure 1.14: The Boundary property window

For our case, we will select the united group of three interior bores by double clicking with the mouse
and then apply the condition for this boundary.

Boundary condition
RoomTemp

For the execution of the simulation, ElmerSolver needs the mesh files and the sif command file. We have
now basically defined all the information for ElImerGUI to write the command file.

Sif
Generate
Edit -> look how your command file came out

After writing the sif file, we may also visually inspect, and optionally edit, the command file, as shown
in Figure 1.15.
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Sound speed = 5000.0
Heat expansion Coefficient = 23.1e-6
End

Body Force 1
Name = "BodyForce 1"
Heat Source = 0.01
End

Boundary Condition 1
Target Boundaries(1) = 57
Name = "RoomTemp"
Temperature = 293.0

End

Object | Value
= Geometry -
Input file pump_carter| E Solver Input File x
7 Body ... | File Edit Preference
=~ Body Property 1 Body 1in sif
Equation Heat VEquatio Q Ll H P = X Gl 8%
Material Aluminium (¢ Mot =1 j
Body force BodyForce 1 Body Force = 1
+- Boundary End
=- Model
= i Equation 1
Equation . (Add.] Name = "Heat Equation"
Heat Equation End
= Material [Add..]
Aluminium (generic) Material 1 | ( )
= Name = "Aluminium (generic)"
Body force (Add..] Mesh Poisson ratio = 0.35
- BodyForce 1 Heat Capacity = 897.0
Initial condition [Add..] Heat Conductivity = 237.0
= Boundary condition [Add..] Density = 2700.0
RoomTemp Youngs modulus = 70.0e9

Figure 1.15: The Sif editor window

Before we can execute the solver we should save the files in a directory. In saving the project all the

necessary files for restarting the case will be saved to the destination directory.

File
Save Project

After we have successfully saved the files we may start the solver

Run
Start solver

The solver log and a convergence view automatically pops up showing relative changes of each iteration, as

shown in Figure 1.16.
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E E
¥ EEE DD P
biee 60 0.1131E-09
= Geometry
Input f] 61 0.6469E-10
= Body

ComputeChange: NS (ITER=1) (NRM,RELC): ( 443.79316  2.0000000 ) :: heat equation

= BO| HeatSolve: iter: 1 Assembly: (s) 1.63 1.63

HeatSolve: iter: 1 Solve: (s) 0.34 0.34

HeatSolve: Result Norm : 443.79316218893490

HeatSolve: Relative Change @ 2.0000000000000000

HeatSolve:
* Bound| Heatsolve:

= Model HeatSolve:
= Equati HeatSolve:

HeatSolve:

~| HeatSolve:

= Materi| yeatsolve: Starting Assembly...

T
o

= Body f] HeatSolve: Assembly:
Bo|

Initial ¢

= Bound 10.4473E-11
Ro|

: .Assembly done

ComputeChange: NS (ITER=2) (NRM,RELC): ( 443.79316  0.28673835E-10 ) :: heat equation
i i hzaaa

E Convergence monitor - O x
File View

Convergence history
100 B NS/heat equation
1

o
o
-

Relative change
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0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
Iteration step

Figure 1.16: The Solver log and convergence windows

As the case is linear only one iteration was required for the solution and the second one just is needed
to check the convergence. The norm of the solution should be around 432.4 K (with the default tetgen mesh
389.8 K, respectively).

Note: if you face problems in the solution phase and need to edit the settings, always remember to
regenerate the sif file and save the project before execution.

Once one gets used to generating sif files and running the solver, ElmerGUI includes a double green
arrow icon. The double green arrow icon combines all three steps into a single mouse click:

Generate and save sif, save project, and then run solver.

Postprocessing with ElmerVTK

ElmerVTK is a simple post processor to use, and makes sense for a first look at Elmer simulation results.
We will cover Paraview later, which is a more powerful visualization program and, of course, is also a little
harder to learn and use.

To view the results we will run ElImerVTK for the visualization.

Run
ElmerVTK

Q00

CSC —IT Center for Science BY NG



1. Heat equation — 3D — Temperature field of a solid object 21

The initial window for ElmerVTK will pop up, with the surface of the geometry colored in blue, as
shown in Figure 1.17. Observe the row of tabs along the top of the window. To hide the surface coloring,
left click on the Surfaces tab.

Geometry
Input file E ElmerVTK postprocessor - O x
+- Body
+- Boundary
Model Surfaces Vectors Isocontours Isosurfaces Streamlines | Colorbar | Text | Preferences | Redraws
= Equation
Heat Equation
= Material
Aluminium (gen
-1 Body force
Heating
= Initial condition
InitialCondition
=1 Boundary condition
RoomTemp

File Edit View Help

1.0000000000 E|Z Displace

X+ Xyt yz o+

Y1 _————————— Py

Figure 1.17: The ElmerVTK window, Surfaces

We want to add 3D contouring, so click on the Isosurfaces tab. Click in the Contour control Variable
box, and select temperature from the drop down box. Continue and click in the Color control Color drop
box and again select temperature, as shown in Figure 1.18.

Object ‘Valu:
= Geometry E Isosurfaces ? X
Input file E
% Body Contour control
- Boundary 1 | Vvariable: [temperature |
= Model Surfaces Vectors Isocontours | Isosurfaces Strei
5 Equation 1| min: 293 Max: [598.504
Heat Equation Contours: |10 Elﬁ [ Keep limits
= Material
Aluminium (gen¢ List: [
= Body force
Heating Color control
B |n|t|a|rcrohdlt|0!flr Color: |temperature ﬂ
InitialCondition 1
=~ Boundary condition Min: |293 Max: ‘596.594
RoomTemp [ Keep limits
Appearance
|v Compute normals Feature angle: |45 3:
[ Use dlip plane Opacity: 100 =
Info
Separate list values by semicolons (for -
example: 1.0; 2.0; 3.0). If the list is non-

empty, it wil be used. Otherwise, evenly
spaced values between min and max wil be j

& Apply Q cancel ‘ & ok ‘

xy+ Xy yz+ yz o zx || [1.0000000000

Figure 1.18: The ElmerVTK window, Isosurfaces selection

Click on Apply and Ok, to apply the settings and close the pop up selection window.
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The isosurfaces will be displayed, as shown in Figure 1.19. Use the mouse to rotate the part, to see the
isosurfaces from different viewpoints.

= Geometry
Input file E FlmerVTK postprocessor — O *®
- Body
#- Boundary
= Model Surfaces Vectors Isocontours | Isosurfaces Streamlines | Colorbar | Text | Preferences | Redraw
=I- Equation
Heat Equation
=~ Material
Aluminium (gen
=l Body force
Heating
= Initial condition
InitialCondition
= Boundary condition
RoomTemp

File Edit View Help

Xy+ Xy- yz+ yI- Dt DX 1.0000000000 El: Displace 11 J— Play

Figure 1.19: The ElmerVTK window, Isosurfaces shown

Let’s add a color bar to the view, so we can see the range of temperatures in the simulation. Click on the
Colorbar tab. The Colorbar selection menu will pop up, as shown in Figure 1.20. Click in the Color map

drop box, and select Isosurface. Also, click on the radio button for Vertical, to locate the color bar along the
left side.

= Geometry
Input file E EimervT — ] X
+-- Body
#- Boundary
= Model Surfaces Vectors Isocontours | Isosurfaces Streamlines || Colorbar | Text | Preferences | Redraw
= Equation
2
Heat Equation ,empgg,g:e E Colorbar ? >
= Material e
. ontro
Aluminium (geng
= Body force Color map: ‘Isusurface =1
Heating
=~ Initial condition Layout
InitialCondition 1
= Boundary condition " Horizontal Labels: |5 El:
ReomTemp @ Vertical width: 0.1
[V Annotate field name Length: |0.9

XY+ Xy- yzt yzm ot o 1.0000000000 El: Displace 1/1 J— Play

Figure 1.20: The ElmerVTK window, Colorbar selection

Click on Apply and Ok, to apply the settings and close the pop up selection window.

| @O0
CSC —IT Center for Science BY

NC



1. Heat equation — 3D — Temperature field of a solid object 23

The color bar and the isosurfaces will be displayed, as shown in Figure 1.21.

= Geometry
Input file E ElmerVTK postprocessor
¥ Body
¥ Boundary
Model Surfaces Vectors Isocontours | Isosurfaces Streamlines
=~ Equation
Heat Equation lempergiyre
= Material
Aluminium (gen
= Body farce
Heating
= Initial condition
InitialCondition
= Boundary condition
RoomTemp

File Edit View Help

Colorbar | Text | Preferences | Redraw

Xy+ Xy~ yz+ yz b o 1.0000000000 El: Displace /1 J— Play

Figure 1.21: The ElmerVTK window, with color bar

To demonstrate how to save a picture with ElmerVTK, click on File, Save picture as, then
select a file name and directory to store the picture, and ElmerVTK will save your simulation results, as

shown in Figure 1.22. If the picture is too small or too large for you, just resize the ElmerVTK window and
save the picture again.

fampgrgajs

Figure 1.22: The ElmerVTK window, final results
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Next we will demonstrate clipping with ElmerVTK, which may be very helpful for 3D simulations.
Refer back to the Isosurfaces selection window in Figure 1.18, under the section Appearances, click on
Use clip plane, and then Apply. The results are shown in Figure 1.23.

E EmerVTK postprocessor

File Edit View Help
Surfaces Vectors Isocontours | Isosurfaces Streamlines || Colorbar | Text | Preferences | Redraw

temperature
599.

522.

Iddd.

369.

293.

X+ % yzt y= =z = | |[t0000000000 = pisplace || y1 _} Play

Figure 1.23: The ElmerVTK window, clip plane applied

ElmerGUI supplies a default clip plane setting going in the X direction, through the center of the model.
To adjust the clip plane settings, click on the tab Preferences, and notice at the bottom are six settings.
Adjust the X, Y, or Z coordinates, or adjust the X, Y, or Z normals. Note that one may use a negative normal,
such as -1, to clip the model in the opposite direction.

E ElmerVTK postprocesso E Preferences 7%

Surfaces Vedtors Tsocontaurs | Isosurfaces  Streamlines || Colorbar | Text | Preferd | oo PO [
& Use surface mesh Size: o= | |]
€ Use volume mesh Quality: [«
[v use clip plane
Mesh edges
& Use surface mesh
€ Use volume mesh Lnewidth:  [1 =]
[~ Use tube filter Tube quality: [6 =]
[V Use clip plane Tube radivs: [1 =
Feature edges.
& Use surface mesh Feature angle: [a5 =]
€ Use volume mesh Une width: |1 =]
[~ Use tube filter Tube quality: |6 =]
[V Use ciip plane Tube radius: |1 =]
[ Draw boundary edges
Clip plane
Point X: [37.8155 Normal x: [1
Point V: [23.0595 Normal ¥: [0

203, point z: [19 Normal z: [0
Apply | © close ‘ « 0k
o+ w yer vz o+ o || [10000000ese = Displace || 11—

Figure 1.24: The ElmerVTK window, Preferences and clip plane

One can now close ElmerVTK, or spend some time exploring a few more features of ElmerVTK, such
as Vectors. Also, if one runs a transient study, ElmerVTK can show each of the time steps, using the slider
control at the bottom right of the window.
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Postprocessing with Paraview

Next we will cover the basics of using Paraview to visualize the simulation results.

Run
Paraview

After a short wait, Paraview will open and it should show our case_t0001.vtu file in the upper left window,
as shown in Figure 1.25. First step is to click on the light green Apply button.

I paraview 5.9.0-RC3

Eile Edit Wiew Sources Filters Extractors Tools Catalyst Macros Help

BERSLAy DD v FRE

E e 8 S0 S Sy Bl
VAP OHEL G 1o
Pipeline Browser ax M Layout 215 +
B buittin: B @ s @

case_t0001.viu

Properties Information

Properties (2]
‘ i apply | @ reset % Delete ?
Search ... (use Esc to clear text) o
S == 1

Figure 1.25: The Paraview window, click on Apply

Once we have clicked on Apply, the geometry will appear in the layout port, and will be all grey. We will
then tell Paraview which simulation results we wish to display, by clicking on the button under the section
header Coloring located in the lower left corner, as shown in Figure 1.26. Select temperature in the drop
box, as shown in Figure 1.26.

Ml ParaView 5.9.0-RC3
File Edit View Sources Fiters Extractors Tools Catalyst Macros Help

RERLTAT BB v fh@ MAPDPMHE

&S esonr  ~ Surface - oilq X
BEORPEBNOPH 0L L ERELL2FUF{) &
Pipeline Broviser B Miayot21® | +
B buitin: ® @ o @8 = A S @

®

Properties | Information

Properties
Apply | @Resst | ¥ Delete
Search ... (use Esc to clear text)
= Properties (case_t000 | [/

V| Cell/Paint Array Status.
V! 17 Geometryds
V| %% temperature

Time Array yone
= Display (Unstructured: | [/
Representation | surface

Coloring

@ solid Color

* temperature

%% || @
77 Geometrylds

Figure 1.26: The Paraview window, select variable
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The temperature of the simulation will be displayed in the layout port, along with a color bar that is
automatically added to the layout, as shown in Figure 1.27.

B 9Y e PP e

Pipeline Brovsser

2 &9 9

B buitin:

B
@

Properties | Information

Properties

@ Reset

Search ... (use Esc to dlear text)
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V| Cell/Point Array Status
V ¥ Geometrylds

V| %% temperature

Time Array jjgne

== Display (Unstructured:
Representation | syface

Coloring
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CEE e AE R
styling
Opacity

Lighting

LB L bl e 8 ww T

B® [ Layout #1% +

O S R

ook

&

LR A AL 2=

RenderView1 | (1] || =

Figure 1.27: The Paraview window, showing results
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temperature
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Lastly, let’s save a picture with Paraview. At the top of the window, click on File, then Save
Screenshot, as shown in Figure 1.28.

M ParaView 5.9.0-RC3

Edit View Sources Filters Extractors Tools Catalyst Macros Help

B4 QOpen...

|§3 Becent Files
[ Reload Files
.i, Load State...
&, Save State...

Save Data...

8 Save Screenshot...
&, Export Scene...
fﬂ Save Animation...
:63‘: Save Extracts...

Save Geometry...

9f Save Catalyst State...

Ctrl+O

F5

Ctrl+S

d & I

ture hd hd

»

Surface

® [ Layout #1 @ +

PaE »q

Figure 1.28: The Paraview window, Screenshot
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Follow the prompts, such as selecting a file name and directory to store the picture, select the size in
pixels of the picture, and Paraview will save your simulation results, as shown in Figure 1.29.

N

\\Q D) a

— 6.0e+02

erature

Figure 1.29: The Paraview window, final results

Paraview has many options, as you can see from the many icons in the main window. As one example,
we will demonstrate clipping with Paraview, which may be very helpful for 3D simulations. At the top bar,
clickon Filters, Common, Clip, as shown in Figure 1.30. As always with Paraview, click on the
light green Apply button to apply the action to the layout.

I ParaView 5.9.0-RC3

Eile Edit View Sources JFli§d Extractors Tools Catalyst Macros Help

o & Search... Ctrl+5) 7
BAES & oq 5o espace |G GF Al > D> DI
Recent 4
- - LY
E % ﬁ <= ﬁ Favorites 4 v Surface v x <
Alphabetical 4 ;
oe O
BEOBWE! . e GG Lk B2 BB
“ipeline Browser Annotation LI o o
B builtin: CTH L4 » @
o EESETOEN | Creminy :
Common » & Calculator
Data Analysis ' @ Contour
Hyper Tree Grid 4 @ Clip
Properties Information Material Analysis L4 7@1 Slice
>roperties Point Interpolation 4 B0 Threshold
Apply @ Reset Qua}j@ture IREis ’ ] Extract Subset
Statistics 4 S
Search ... (use Esc to clear te Temporal y | ® Glyph
Stream Tracer
= Properties (case_t00U Sl

2 Warp By Vector
V| Cell/Point Array Status @ 8 Group Datasets
v ]ffi Geometrylds

.e Extract Level
v <% temperature

Figure 1.30: The Paraview window, Filter, Common, Clip
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One can rotate the model, along with moving the clip plane, or selecting direction with X, Y, or Z
normals. These steps will be left to the student to discover.

. N B —

sipeline Browser B | My #1® | + 1
; builtin: ) IR A& AL g A A : Renderview1 | [[]| | ®

= W case_toooLvtu

S

Properties | Information

>roperties @@
Apply | @ Reset % Delete ?

Search ... (use Esc to clear text) &
= Properties (Clipl) Il =]=

Clip Type | Flane -

plane

| Show Flane

Origin |119.261 23.0595 19

Normal 1 0 0

Note: Use 'P' to pick 'Origin’ on mesh or 'Ctri+P' to
snap to the dosest mesh point

X Normal Camera Normal
¥ Normal
Z Normal

Reset Camera to Normal

Reset to Data Bounds

Offset

V| Invert

Figure 1.31: The Paraview window, clipped results

This is the end of the introduction to Paraview.
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Tutorial 2

Heat equation — 2D — Temperature field
of an L-shaped domain

Directory: TemperatureAngleGUI
Solvers: HeatSolve

Tools: ElmerGUI

Dimensions: 2D, Steady-state
Author: Peter Raaback

Problem description

An L-shaped structure (see figure 2.1) is heated by an internal heat source, which magnitude is 1 W/m?.
The density of the structure is 1 kg/m? and the heat conductivity is 1 W/mK. All the boundaries I'; are
kept on constant temperature of 0 K. The problem is to solve the temperature distribution in the structure.
Mathematically the problem to be solved is

{ —kAT pf inQ 1)

T = 0 onlI’

where « is the heat conductivity, T is the temperature and f is the heat source. It is assumed that density and
heat conductivity are constants.

Figure 2.1: L-shaped domain

Q00

CSC —IT Center for Science BY NC



2. Heat equation — 2D — Temperature field of an L-shaped domain 30
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Figure 2.2: The finite element mesh in ElmerGUI

Solution procedure

Start E1lmerGUTI from command line or by clicking the icon in your desktop. Here we describe the essential
steps in the EImerGUI by writing out the clicking procedure. Tabulation generally means that the selections
are done within the window chosen at the higher level.

The mesh is given in ElmerGrid format in file angle . grd in the samples directory of ElmerGUI, load
this file.

File
Open -> angle.grd

You should obtain your mesh and may check in the Model summary window that it consists of 341 nodes
and 300 bilinear elements. If the mesh was successfully imported your window should look something in
figure 2.2.

After we have the mesh we start to go through the Model menu from the top to bottom. In the Setup we
choose things related to the whole simulation such as file names, time stepping, constants etc. The simulation
is carried out in 2-dimensional Cartesian coordinates and in steady-state. Only one steady-state iteration is
needed as the case is linear.

Model
Setup
Simulation Type = Steady state
Steady state max. iter =1

Choose Accept to close the window.

In the equation section we choose the relevant equations and parameters related to their solution. In this
case we’ll have one set only one equation — the heat equation.

When defining Equations and Materials it is possible to assign to the bodies immediately, or to use mouse
selection to assign them later. In this case we have just one body and one boundary and therefore its easier
to assign the Equation and Material to it directly.

.
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For the linear system solvers we are happy to use the defaults. One may however, try out different
preconditioners (ILU1,...) or direct Umfpack solver, for example.

Model
Equation
Add
Name = Heat Equation
Apply to bodies =1
Heat Equation
Active = on
Apply
OK

The Material section includes all the material parameters. They are divided into generic parameters
which are direct properties of the material without making any assumptions on the physical model, such as
the mass. Other properties assume a physical law, such heat conductivity.

Model
Material
Add
Name = Ideal
Apply to bodies =1
General
Density = 1.0
Heat Equation
Heat Conductivity = 1.0
Apply
OK

A Body Force represents the right-hand-side of a equation that in this case represents the heat source.

Model
Body Force

Add
Name = Heating
Heat Source = 1.0
Apply to bodies =1

Apply

OK

No initial conditions are required in steady state case.
In this case we have only one boundary and set it to zero.

Model
BoundaryCondition
Add
Heat Equation
Temperature = 0.0
Name = Zero
Apply to boundaries
Apply
OK

1

For the execution ElmerSolver needs the mesh files and the command file. We have now basically defined
all the information for EImerGUI to write the command file. After writing it we may also visually inspect
the command file.
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Figure 2.3: The output log of ElmerSolver when used under ElmerGUI

Sif
Generate
Edit -> look how your command file came out

Before we can execute the solver we should save the files in a directory. In saving the project all the
necessary files for restarting the case will be saved to the destination directory.

File
Save Project

After we have successfully saved the files we may start the solver

Run
Start solver

A convergence view automatically pops up showing relative changes of each iteration. As the case is linear
only one iteration was required for the solution and the second one just is needed to check the convergence.
The resulting output log is shown in figure 2.3.

Note: if you face problems in the solution phase and need to edit the setting, always remember to save
the project before executi