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THERMAL

Thermal model

The Thermal module allows to perform a heat flow calculation, by solving the
Fourier heat conduction equation, including the latent heat release during
solidification. The typical results which can be obtained are the following :

- Temperature distribution

- Fraction of solid evolution

- Heat flux and thermal gradients
- Solidification time

- Hot spots

- Porosity prediction

I

P TR B

PO RERPAT R vt 55, TGS P U7 R, B A R R v A B TR S AT DASRAS T &5
R

WA

g8 L FE AR S
B RN BB P
Yk [ I} i)

AT

i/ CIDI U]

Flow chart

This section describes the set-up of a thermal case. It is also the opportunity to
introduce the general work flow of the pre-processor, as well as some aspects
which may be used by different modules (e.g. symmetry).

Restart MeshCAST  External mesh

+ "l clat . *.m-esh__
* "p.dat
Geometry

Mﬂter'inls_qx\ﬁ

Parameters to be
4 defined for a thermal
{'.I:Il{'.l.]ll:‘.'ll:ll'i

|
Process ) I!I
@iul Cmﬁ l

T Run Parameters

*prefixd dat =
prefixp.dat Exit * —=

Interfaces

\fmnd

&
=
=
5
=



MR
XK R AR T B M R B E TR . IX WAL AE pre-processor R FH (WS, AE AR B[R RE i .
o G R 36 )

Geometry assignments
Once the geometry is loaded, the following operations can be performed on the
geometry :

[eomebny
Symimetny
Yirtual Mold
Check Geom »
Symmetries can be defined at this stage (see the "Thermal/Radiation™ section for
more details). The definition of the Virtual mold is also done at this level. (see the
"Virtual Mold" section for more details).
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In the "Check Geom" menu, the following features are accessible :

Geometry
Symmetry
Yirtual Maold
Check Georm ¢ EEETENETS
Meg-Area
Yolumes
M- M e

Neg-Jac (negative Jacobian) and Neg-Area correspond to problems in the mesh.
These buttons allow to locate where these problems are in the mesh in order to
give indication where to modify the mesh in MeshCAST.

Volumes gives access to the volume of each material domain, whereas Min-Max
indicates the dimensions of the model.
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Materials aSS|gnment
Once the model is loaded (see the "Geometry import"” section), the first operation
is to define the different materials with their properties and attributes. This is

performed in the Material/Assign menu.
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On the right of the window, two frames are shown. The top one contains the
material list (or domain list), whereas the bottom one corresponds to the material
database.
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When one clicks on the different materials in the material list, the corresponding

domains are highlighted (in the picture below, the hidden mode with mesh (]
was selected - see the "Geometry manipulation™ section for the other display
modes).
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In the lower frame ("Material database™ list), the list of all available material
properties in the material database is displayed. To manage the database entries,
please refer the "Databases" sections. The {T} or {F}which are indicated before
the material name are telling wheter material properties are present in this material
for Thermal only calculations (T) or for Thermal and Fluid flow calculations {F}.
If a {*} appears, it means that the material properties definition is uncomplete and
that this material entry can not be used for a calculation at this stage.
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Materials
;I T [{7 Aluminium-A356
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In the top frame ("Domain list™), all the domains (or materials) present in the mesh
are listed. When a mesh is loaded, it appears as follows :
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# 3 MO ASSIGNMENT  [CASTING Ma
# 4 NO ASSIGNMENT  [CASTING Mo
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Then, one should assign a Material to each domain, to define the type of each
domain and to specify whether the domain is empty or not at the beginning of the
calculation.

To assign Materials, (1) one should select the desired domain in the upper list, (2)
select the desired material in the material database list, and (3) click on the Assign
button. This should be repeated for each domain.
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Then, the "Type" of each material should be defined. To do so, make a right click
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on the "CASTING" word and the available list of possible selection will appear :

A5sign it
haterials Type Ermpty
:I # 1 SCl-Cast_lron — -
# 2 Green_sand -AS  Mold
B 3 MO ASSIGHMENT CAS  Casting
B 4 N0 ASSIGHMENT CAS  Filter
Foam
Insulation
Exothermic
_ Core
hd  Resenvoir
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Mold : the mold material should be set to "Mold". This will be used for cycling
calculation (in die casting) in order to allow the calculation of the heating of a die
during cycling (i.e. the temperature of the mold domains will not be reset to the
initial temperature at the beginning of each cycle).

Casting : the casting material should be set to "Casting". This setting is necessary
in particular for all the domains where fluid flow will occur. For a cycling
calculation, the casting domains initial temperatures will be reset at the beginning
of each cycle.

Filter : filter domains should be set with the "Filter"” type (see the "Filters" section
for more details).

Foam : for lost foam calculations, the domains where the foam is present at the
beginning of the calculation should be set to "Foam". Of course, during the filling,
the casting material will replace the foam, as it burns.

Insulation : this type has no specific effect on the solver. It will correspond to a
"Mold" type of material. At this moment, this is for information purposes.
Exothermic : this will activate the Exothermic properties of the sleeve (if they are
defined in the corresponding material properties). If the material properties are
containing the exothermic information, but the "Exothermic" type is not activated,
the exothermic model will not be activated (see the "Exothermic™ section for more
details).

Core : a core type material should be defined in the case of cycling, where cores
are placed into the mold at each cycle. This means that unlike mold materials, the
initial temperature of the cores will be reset at the beginning of each cycle.
Reservoir : a Reservoir type material is a domain where the free surface will always be
perpendicular to the gravity. This allows to simplify the free surface

computation and it is especially useful in the case of tundish modeling. The
"RESERVOIR" domains should have an "EQUIV" interface with the other
CASTING materials.

Please note that if there is more than one RESERVOIR domain, they should all
touch each other and they should be all full at the beginning. Otherwise, problems
may be encountered.

If one want to empty the reservoir, no special BC should be specified. If one
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would like to keep the reservoir full, a pressure BC should be set at the surface of
the reservoir.
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Finally the user has to specify which domains are empty at the beginning of the
calculation (for mold filling calculations). One should make a left click on the
"No" to turn it to "Yes" (which means that Yes the domain is empty). On
additional click returns to No. Of course, more than one domain may be empty (if
the casting is made out of several mesh domains).

Assion | Cluit
Materials Type Franty
~ B 1 3GI-Cast_lron ASTING '| Yes

B 2 Green_sand oLD

|E 3 Furane_sand OLD

LA,
P

Mo

|
When one makes a right click on the material name in the upper list, the lower list
Is pointing on this particular material. This is very useful if one wants to see the
material properties of this material.
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Interfaces assignment
Once the Materials are defined, one should define the Interfaces, with the

Interface menu.
its=Millimet

Interface

As for the Material window, two frames appear on the right of the window. The
top one contains the list of all the possible interfaces, whereas the lower one
shows the Interface database. To manage the database entries, please refer the
"Databases" sections.
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Firstly, one should define the type of interfaces in the upper right window
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Wi et Apply CIuit

Add Delete Assign
material Pair Type DB Entry
«11and 2 COIMC G
1and 4 COIMC G
4and 3 COIMC G
2and 4 COIMC G
dand 2 COIMC G
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On the left, the "Material Pair" are shown. "1 and 3" means that there is an
interface between material 1 and material 3. By default, the Type of the interface
is set to "COINC". By clicking on the "COINC" text, one can toggle between
"COINC", "NCOINC" and "EQUIV",
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EQUIV option
When two domains are part of the same entity (i.e. they both belong to the casting
with the same material properties, but they were meshed separately for technical
reasons), one will set an "equivalenced" interface between them (EQUIV). It
means that there will be a continuum between the two domains, with a continuous
temperature profile across the interface, as well as continuous velocity field. In
such a case, the nodes at the interface (shown in orange in the figure below) are
shared by the elements on both sides. This EQUIV option can also be used if one
has different materials in the two domains, but the materials are welded together
(i.e. with a total bounding between the two materials).
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COINC option

At an interface between two different materials, such as the casting and the mold,
there is usually a temperature drop. In this case, the nodes at the interface should
be doubled (for a coincident interface), in order to distinct temperature on each
side of the interface. As during the mesh generation, there is one node at the
interface, it is necessary at this stage to duplicate all the interface nodes (as shown
in green in the figure below). This duplication operation is performed when
"COINC" is selected (for "coincident nodes™). The interface, which is shown in
yellow in the figure below has in fact a zero thickness.

Temperature ——»

Distance -
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NCOINC option

It is also possible to generate a non-coincident mesh (i.e. where the elements on

both sides of the interface are not matching, which means that they are not sharing

the same nodes), by adding different meshes together (see the "Advanced

features™ section for more details on non-coincident meshes). In this case, one has

to specify that the interface is non-coincident, with the "NCOINC" option.

Temperature

Distance >
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When one toggles between the different options, the interface appears in red and
green. It is thus possible to well identify whether it corresponds well to the desired

interface (see figure below, which was obtained in hidden mesh modei‘)
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An other way to view the desired interfaces is to click on the "Material Pair" and
the material on both sides will be highlighted in red and green respectively - the
first material in the list is in red and the second one in green (see figure below,

)

which was obtained in hidden mesh mode
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Once the desired selections (between COINC, EQUIV and NCOINC) are done for
each possible interface, the STORE button (which is highlighted in orange) should
be pressed.

Wi e Apply it
Add Delete Assign
Material Pair Type OB Entry
«11and 2 COIMNC T
1and 4 COINC ki
1and 3 COIMNC T
4and 3 COIMC ki
2and 4 COIMC S

Wik T RHEIFRS, (COINC, EQUIV 1 NCOINC Iyt) % itk Applyd4l Cnss
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Then the pre-processor will automatically create the double nodes and a message
will appear to confirm that the number of nodes of the model has increased.

@ Totald of nodes in the mesh now are: 75034 [Previously = 643371,

kake zure to check for pozzible modifications ta BC assignments & |C/E stract

As it is now possible in version 2005.0 to go from EQUIV to COINC and viceversa,
the user should be careful that as nodes were duplicated or removed, some
boundary condition assignments may be corrupted, as well as the extracted initial
conditions. Thus, in this case, they should be re-assigned.
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Once the types of interfaces are defined, one has to apply the corresponding heat
transfer coefficients (for COINC and NCOINC only, as nothing as to be specified
for EQUIV). To assign Interface heat transfer coefficients, (1) one should select
the desired Material Pair in the upper list, (2) select the desired interface heat
transfer coefficient in the interface database list, and (3) click on the Assign
button. This should be repeated for each coincident or non-coincident interface.
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For non-coincident meshes, it is possible to have access to the non-coincident
tolerances with a right click on the NCOINC label. A window will open with the
two tolerances.
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Boundary conditions assignment
After the definition of the interfaces, the Boundary conditions should be specified.
This is done in the "Boundary Conditions" menu.
Boundary Conditions

Assign Surface

Agsign Volume — »

Assign Enclogure
Three types of boundary conditions can be applied :
- Surface boundary conditions ("Assign Surface™), which correspond to all the
conditions applied to the outside of the model or the outside of a given
material domain. This is the most commonly used type of boundary
conditions.
- Volume conditions ("Assign Volume"), which corresponds to conditions
which are applied in a whole volume (e.g. volumetric heat or mass source).
- Boundary conditions assigned to Enclosures ("Assign Enclosure™) in case of
radiation problem (see the "Radiation™ section for more details).
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Assign Surface
The principles of Boundary conditions definition are described in the following

figure.
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Firstly, the desired boundary conditions should be "Added" (1) in the upper list
(2). With the "Add ->" button, one has the following choices :
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Add -=
Symmetry

Periodic

Temperature
Heat

Valocity
Pressure
Inlet

Wall

Vent

Inject
Turbulence

Displacement
Point Load
Surface Load

Current Density
Voltage
Magnetic Potential

Mucleation

The boundary conditions corresponding to Thermal problems are "Symmetry",
"Periodic", "Temperature" and "Heat".

Then the "location” where the boundary condition should be applied on the
geometry should be specified. The selection tools (3) allow to "paint" the desired
area on the geometry (4).

The values to be assigned to the boundary conditions should be selected in the
database (5) and then they are assigned to the corresponding boundary condition
(6). See the "boundary conditions database™ section for more details about the
different type of boundary conditions, as well as the database management.

It is possible to have a quick access to the database entries in the following way.
When one makes a right click on the boundary condition entry in the upper list
(2), the lower list is pointing on this particular boundary condition entry in the
lower list (5).
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The "Selection tools" allow to "Select”, "Deselect”, "Propagate”, "Clip", "Copy"
and "Paste" faces or nodes on the geometry.
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For some boundary conditions, such as "Heat" or "Symmetry", faces of the Finite
Element Mesh are selected. For other boundary conditions, such as

"Temperature”, "Velocity", ... the boundary conditions are applied on nodes. The
choice between faces or nodes is automatic.
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\; Deselection of individual faces or nodes. HiJi 2 4 B [t 26 i B 1

Selection of individual faces or nodes. 3%+ BAN (1 36 1 Bk 15 A

-------- * Selectall. #&#Tf

-------- " Deselect all. By 4k 4%

k&

Select and propagate. All the faces or nodes which have an angle with the
neighbors smaller than the specified propagation angle will be selected.
PRI REIEHE, RN R SN 520 )T A I AR B /D T8 A 11 U ke %

X
é Deselect and propagate. All the faces or nodes which have an angle with the
neighbors smaller than the specified propagation angle will be deselected.

L T SR A

i
é Definition of the propagation angle. & S J& ff & i
Q Select remainder. The remaining faces or nodes which have not yet been

selected are selected.
PR B H e WA SRR 101 A

@ Select interface. For "Heat" boundary conditions, the selections are applied
on external faces only. However, for cycling, one would like sometimes to apply a
Heat BC on faces which lie at interfaces. This allows to select those interfaces
automatically. In this case, the following panel is opened. It is proposing the list
off all active materials. One could select one or more material and all the faces of
the selected materials which are lying on an interface will be selected.
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Materials Apply B

1 SGICast_lron Mo
2 Green_sand Mo

B 4 Green_sand
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%' Button to clip a model. This allows to perform a selection inside a model,
where is it not accessible from the outside.
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Button to "Backtrack" the clip.iz [FI47] B i 1R A
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é Copy of selection. All the nodes or faces which are applied on the geometry
for the active boundary condition will be copied in the memory.
R E TP ibprt s

. Paste of selection. The copied selections (above button) can be pasted on a
different boundary condition (i.e. on the active boundary condition when the Paste
button is pressed). Please note that one can not copy the node selection of a
Temperature BC to a Heat BC (as faces are expected).
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