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1 General description
1.1 Obijective

The aim of this case is to train the Code_Saturne coupling with a thermal conduction and radiation
code SYRTHES on a simplified 2D problem. It corresponds to a natural convection inside a sheath
with different electric wires.

We can see with this test-case the conjugate heat transfer phenomenon between the solid and fluid
domains.

1.2 Remarks

e Remark - 1: create the 3disks2D study directory, two subdirectories fluid and solid as below:

$ code_saturne create -s 3disks2D -c fluid --syrthes solid

e Remark - 2: The fluid mesh must be copied in the directory MESH. The solid mesh must be copied
in the subdirectory solid.

e Remark - 3: launch the SYRTHES Graphical User Interface (Gui) ($ syrthes.gui &) inside the
subdirectory solid for the first solid computation alone.

e Remark - 4: launch the Code_Saturne Graphic User Interface (GUI) inside the subdirectory fluid
for the fluid computation alone.

e Remark - 5: launch the Code_Saturne-SYRTHES coupling computation with the runcase_coupling
script.

1.3 Description of the configuration

The 2D configuration represents a simplification of the real 3D geometry of the wires inside an electric
sheath. As we can see, we have 3 different wires represented as 3 different disks inside a bigger disk
for the sheath. We assume that the 3 disks are in contact with an air flow inside the electric sheath.

The geometry is shown on figure I.1.

Figure I.1: Geometry of the test-case with [1,2,3,4] the solid domain and [5] the fluid domain. The 4
disk physical properties are specified for the solid domain.

For the fluid domain, there are two symmetry conditions and walls conditions imposed to the faces
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coupling with the solid domain. We have no velocity imposed to create movement inside the fluid area
and gravity force is taken into account.

Nevertheless, we define a density which is variable in function of the temperature for the air flow.
The 3 disks, which are warmer than the air flow, generate a temperature difference creating a fluid
movement. The warmer air flow is moving to the top and the colder air flow to the bottom of the fluid
domain.

With this test-case, we can easily observe the effect of the solid disks on the air flow contained in the
electric sheath.

1.4 Characteristics

e Solid domain:

The initial and boundary conditions to choose without conjugate heat transfer for the solid domain
are defined hereafter:

’ Initial conditions \ ‘

]Temperature condition \ Tinis = 20°C ‘

’ Boundary conditions \Value H surface reference ‘
’Heat exchange conditions (Gu,ext) \ Tewt = 90°C. 5 heyy = 1000(W/m?.K) H color 2 or 5 or 8 ‘

Characteristics of the solid domain with the 4 different disks (1 to 3 for the electric wires and 4 for the
disk for the electric sheath):

’ | Conductivity type| values (W/m/°C) || volume reference |
disk 1 |isotropic ki1 =25 color 1
disk 2 | orthotropic ki1=25 ;koa=5 color 2
disk 3 |orthotropic k11 =25 ;kos=5 «=45° color 3
disk 4 | anisotropic ki1 =25 color 4

’ Physical properties \ values ‘

Density [p] 7700 (kg/m?)
Specific heat [C))] 460 (J/kg/m?)

e Fluid domain:

The characteristics of the air flow inside the fluid domain are defined as following:

’ Thermophysical models \ choosen type ‘

Time step constant in time and uniform in space
Turbulence model e -k
Scalar Temperature (°C)

The initial and boundary conditions to choose without conjugate heat transfer for the solid domain
are defined below:

’ Initial conditions \ ‘

]Temperature condition \ Tins,r = 20°C. ‘
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[ Boundary conditions | values || surface reference |
Walls (Heat exchange qu ext) | Text = 30°C 5 hegr = 10(W/m?.K) color 1
Symmetry color 2 or 3

In this case, the fluid density is function of the temperature, the following ideal gas law is specified in
the Graphical User Interface (GUI):

Po
S N— L1
P= R, (T +273.15) (L1

where p is the density, 7" is the temperature (°C), ideal gas constant R, = 287 (m%.s 2. K1), py =
101325 (Pa) the reference pressure choosen as p & patmos-

1.5 Mesh characteristics

e Description of the solid mesh:

The solid mesh used in the conduction problem contains 11688 nodes (P; discretization) and 5688
elements. We have to take care of the references allowing to identify materials properties and boundary
conditions which are specified in this solid mesh by reference colors.

Type: unstructured mesh Mesh generator used: SIMAIL Color definition: see figure 1.3.

Figure 1.2: Colors of the boundary faces

e Description of the fluid mesh:

The fluid mesh contains 3866 nodes. We have to apply the check mesh available in the Code_Saturne
Graphical User Interface to check the quality criteria and identify the reference colors associated to
the boundary conditions.

Type: unstructured mesh Mesh generator used: SIMAIL Color definition: see figure 1.3.
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Figure 1.3: Colors of the boundary faces

2 CASE 6: 3 2D disks

The post-processing containing the “temperature” field will be post-processed on a sub-mesh with
ParaView. A 2D clip plane will also be extracted along the symmetry plane of the fluid domain and
temperature will be written on it.

2.1 Parameters

All the parameters necessary to this study can be defined through the Code_Saturne (GUI) and
SYRTHES (Gui) respectively, as below:

Numerical parameters of solid computation

Reference time step

0.1 (s)

Number of iterations

100

Numerical parameters of fluid computation

Reference time step

0.1 (s)

Number of iterations

100

These numerical time steps and iterations number have been defined to run the fluid and solid compu-
tations independently one from each other. Thus, we can test the setting data for the fluid computation
with Code_Saturne and the solid conduction computation with SYRTHES. After that we will be able
to run the coupling computation with the computation option conjugate heat transfer activated on
both data setting.

2.2 Output management

The standard options for output management will be used. Only one monitoring point will be created
for the solid conduction computation at the following coordinates:

Probe |z (m) |y(m)
1 0.003 | -1.2

For this probing we choose to save the temperature value every 10 time steps and the temperature
field every 25 time steps.
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2.3 Coupling computation

The numerical parameters used for the coupling computation must be modified to be sure to see the
conjugate heat transfer phenomenon between the solid and fluid domains. For this reason, we increase
the iterations number and the time step for the fluid and solid data setting.

By default, the smaller iterations number will be used to drive the coupling computation. If we
choose an iterations number of 10000 for the fluid domain and 5000 for the solid domain, the coupling
computation will be stopped after 5000 instead of 10000.

Numerical parameters of solid computation
Reference time step 0.5 (s)
Number of iterations 50000
Numerical parameters of fluid computation
Reference time step 0.5 (s)
Number of iterations 50000

2.4 Results

Figure 1.6 shows the evolution of the temperature in the solid domain without conjugate heat trans-
fer with the fluid domain. We have represented below the evolution of the temperature in the fluid
domain without coupling with SYRTHES.

temp - solid (C)

f

~60

A0

¥

Figure I.4: The temperature evolution in the solid domain without coupling method

Figure 1.6 shows the evolution of the temperature in the solid and fluid area with the conjugate heat
transfer activated. The natural convection in the fluid domain due to the temperature difference
imposed by the solid disks is clearly visible with the velocity field and vector.
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Figure 1.6: Evolution of temperature
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Step by step solution
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1 Solution for case6

e Step 1: check the post-install required for coupling Code_Saturne with SYRTHES.

The first step is to check the post-install required for coupling with SYRTHES and verify if the
SYRTHES PATH is correctly known in the system environment. We just need to edit the batch file!
name code_saturne.cfg as below:

$ vim <install-prefix>/etc/code_saturne.cfg
>### Set the location to the SYRTHES installation directory.
> syrthes = <install-prefix-syrthes>

e Step 2: source the syrthes.profile file in your user environment.
Before using SYRTHES alone, you have to copy and source this file to define SYRTHES environment
variables (like $SYRTHES4 _HOME) in your terminal, as follows:

$ cp <install-prefix-syrthes>/bin/syrthes.profile .

$ source syrthes.profile

$ echo $SYRTHES4 HOME (to check the SYRTHES PATH in your environment)
After having defined correctly your environment, to be able to launch a coupling computation Code_Saturne-
SYRTHES or a SYRTHES computation alone, you just have to create the coupling study directory.

e Step 3: create the 3disks2D study directory, two subdirectories fluid and solid.

This is done using the standard command:

code_saturne create -s 3disks2D -c fluid --syrthes solid
code_saturne 3.0 study/case generation

o Creating study ’3disk2D’

o Creating case ’fluid’

SYRTHES4 home directory: <install-prefix-syrthes>

MPI home directory: /usr

V V V V V V &

> skokokok ok sk sk skokok ok ok ok sk sk sk ok ok ok ok sk sk sk sk sk sk sk ok ok sk sk ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk
> solid : creating SYRTHES case ...

> <install-prefix-syrthes>

> 0K !

> skeokokok ok ok ok sk sk sk sk sk sk sk sk ok o ok kokok ok sk sk sk sk sk sk sk sk ok sk sk ok ok okokok sk sk sk sk sk sk sk sk sk sk sk ok

e Remark: The fluid mesh must be copied in the directory MESH. The solid mesh must be copied in
the subdirectory solid.

Isee the installation guide, name install.pdf, in <install-prefix>/share/doc/code_saturne/ directory.
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1.1 Launching the SYRTHES computation alone

The preparation of the computation for case5 is defined below:

Step 1: launch the SYRTHES Graphical USer Interface (syrthes.gui),

Step 2: open a New Data File,

Step 3: check the name of the mesh and convert this one in .syr format,

Step 4: define the initial and boundary conditions for the conduction problem,
Step 5: define the physical properties of each disk {1, 2, 3 and 4},

Step 6: running the SYRTHES computation alone.

e Step 1: launch the SYRTHES Graphical User Interface (Gui).
The SYRTHES Graphical User Interface is launched by the following command lines in the solid sub-
directory:

$ cd 3disks2D/solid/
$ syrthes.gui &

e Step 2: choose a New Data File inside the (Gui).

=  Welcome to SYRTHES 4 [
Welcome to SYF

GUI 1.0
@Copyright EDF 2011

YRIHES

[Zreate MNew Casd: [\Jew Data File] |:2!per"| Data Fil:

Figure II.1: Running the SYRTHES’s IHM with syrthes.gui
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= SYRTHES V 4.0.0 - untitled.syd =

File Tools Preferences Help

Stop SYRTHES @ Calculation Progress

SYRIFES

ODE&EdFa Run SYRTHES >
H_ome Case title : [3di5k52D - thermal conduction - solid alone ]
File Names
» Conduction | User description of the case }
User C functions
Control
Output
Running options 3D
Dimension of the problem :
2D_axi_OX
Additional physical modell 2D axi OY
O Thermal radiation ==

O Humic | Heat and moisture transfer

00 Conjugate Heat Transfer

Figure I1.2: Define the dimension and physical modelling of the problem treated

L]

&

SYRTHES V 4.0.0 - untitled.syd
File Tools Preferences Help

&3 bFa Run SYRTHES >

Home

» Conduction

Running options

Conduction input file name and location

e

Stop SYRTHES @ Calculation Progress

Conduction mesh: [3rond2d.syr

=

[

Radiati -
User C functions Ra @ IOFr_] = Select File
Control sstart B (5] (<] imech-cs i i
-CS-nov-2012 | 3disks2D |seolid >
Output U Weathe D D‘ ” ]

Raccourcis Nom

Conducti| g Rechercher Elusr_examples 15:42
Results n .
@ Récemmen...| ||l
B1B16457 || Makefile 645 octets 15:42
Bureau [ syrthes.py 54,3 Kio 15:42
LSysteme d... [ syrthes_data.... 9,5 Kio 15:42

v Taille Modifié

Ajouter||Enlever

\All Files 2
| Annuler || Quvrir |

Figure I1.3: Choose the 2D solid mesh file with the format .

des.
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= SYRTHES V 4.0.0 - untitled.syd R
File Tools Preferences Help
D EdBFa Run SYRTHES (>, Stop SYRTHES @ Calculation Progress
Home

Conduction input file name and location
Conduction mesh: [3rond2d.syr

J
» Conduction ) Radial & Message ®E .

User C functions T ——
Control Resta &D Format conversion from "des" to "syr" |
o finished.

utput 0 We J
Running options =

Cond [ oK | :
[RESU' « I \]

Figure I1.4: The SYRTHES (Gui) directly converts the .des to the .syr format.

e Remark: Inside the SYRTHES Graphical USer Interface (Gui), we can load the SIMAIL format

*.des for the solid mesh. This one will be automatically transformed to the *.syr format.

It can also be done with the following command line:

$ convert2syrthes4 -m 3rond2d.des

e Remark: You can convert the *.syr format into a *.med format. Like that, you can load the *.med

file inside SALOME, after having used this command line below:

$ syrthes4med30 -m 3rond2d.syr -o 3rond2d.med

(= SYRTHES V 4.0.0 - untitled.syd

File Tools Preferences Help

DE®bkFa Run SYRTHES
Home

HOK)

Stop SYRTHES @ Calculation Progress

Conduction input file name and Iocation

Conduction mesh: [3rond2d.syr

» Conduction

Radiation mesh:

User C functions

Control Restart File : [

Output [ Weather data (optional) : |

Running options

Conduction output files hames nrefix and lacation

[Results names prefix : [resul|

Figure I1.5: Choose a name for the results files .res, .his and .rdt
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= SYRTHES V 4.0.0 - untitled.syd =[S
File Tools Preferences Help
ODE&EdFa Run SYRTHES » Stop SYRTHES @ Calculation Progress
Home ”
File Names Initial temperature (Deg C)
~ Conduction Type Temperature = References User comments

Constant 2|20 -1
Constant ¢

Boundary condit
Physical propert
Volumetric cond ¥ |Constant ¢
Periodicity
User C functions
Control
Output
Running options

Figure I1.6: Define the initial temperature conditions inside the different disks.

® SYRTHES V 4.0.0 - untitled.syd =[]

File Tools Preferences Help

&3 b a Run SYRTHES > Stop SYRTHES @ Calculation Progress
Home

File Names Heat exchange | Flux condition  Dirichlet condition ‘ Contact resistance | Infinite raHB

~ Conduction
Initial conditions

Heat exchange coefficient (W/m?2/Deg C)

/ Type External T Coef h References User comments
Physical propert ¥ |Constant ¢(90 1000 258
Volym.et_rlc cond Constant ¢
Periodicity
User C functions ¥ |Constant 2
Control Constant ¢
OUtP‘Ht - ¥ |Constant ¢
Running options @ >

Figure I1.7: Define the temperature boundary conditions for the extern face of the three disks.
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(= SYRTHES V 4.0.0 - untitled.syd =ES|
File Tools Preferences Help
D EdBFa Run SYRTHES (>, Stop SYRTHES @ Calculation Progress
riT:I\Tames Isotropic‘ Orthotropic ‘ Anisotropic

~ Conduction

2 3 . H Vi
Initial conditions p (kg/m2), Cp (J/kg/m?), k : Isotropic conductivity (W/m/Deg C)

Boundary condit Type P Cp k ‘eren User comments 1
@ |Constant <7700 460 25 (14
Volym.et_rlc cond “m“
Periodicity —
User C functions ¥ \:Constant CJ
Control i | 1G]
Output

Running options

Figure I1.8: Define the physical properties for the disk 1 and 4 with isotropic conductivity.

E SYRTHES V 4.0.0 - untitled.syd [;]
File Tools Preferences Help
DE@®dba Run SYRTHES =) Stop SYRTHES @ Calculation Progress
Home . : . .
File Names Isotropic Orthotrnplc‘Amsotropm‘
~ Conduction 5 5 i . -
Initial conditions p (kg/m2), Cp (J/kg/m?), kx ky : Orthotropic conductivity (W/m/Deg C) -
Boundary condit Type P Cp kx ky References User comments
“ |[Constant  2|7700 460 (25 5 2
Volym.et_rlc cond [Constant ]
Periodicity —_—
User C functions 2 ‘:C"”Sta"t J
Control a 0 I 2
Output

Running options

Figure 11.9: Define the physical properties for the disk 2 with isotropic conductivity.

e Remark: To correctly identify the volume references associated to a specific physical property, we
can check the mesh regions directly inside ParaView after having used following command line:

$ syrthesdensight -m 3rond2d.syr -o mesh_3rond2d

sk sk ok o ke ok sk ok ok ke ok sk ok ok e ok sk sk ok s ok sk sk ok sk ok sk ok sk e ok sk sk sk e ok sk sk ok s ok ok sk sk ok ke ok sk sk ok ek ok
--> geometry file name : mesh_3rond2d.ensight.geom
--> case file name : mesh_3rond2d.ensight.case
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(= SYRTHES V 4.0.0 - untitled.syd LDk
File Tools Preferences Help
D EdBFa Run SYRTHES (>, Stop SYRTHES @ Calculation Progress

Home
File Names
~ Conduction
Initial conditions
Boundary condit

Isotropic  Orthotropic Anisotropic‘

p (kg/m2), Cp (J/kg/m?), kx ky : Anisotropic conductivity (W/m/Deg C)

Type p Cp kx ky Angle (in Deg)References User comments
@ |Constants|7700 |460[25 |5 145 3 Anisotr. disk 3
\Constanlc’\

Volumetric cond
Periodicity —
User C functions © |Constants |
Control i
Output
Running options

Figure I1.10: Define the Physical properties for the disk 3 with anisotropic conductivity.

Physical propert

Volumetric cond

Periodicity
User C functions

Output
Running options

IE] SYRTHES V 4.0.0 - solidalone.syd =]
File Tools Preferences Help
&3 b a Run SYRTHES > Stop SYRTHES @ Calculation Progress
Home " . .
File Names Time management | Solver information
~ Conduction Restart Management
Initial conditions [D Restart calculation O Setting a new restart time(in second) \1.e-6 \
Boundary condit

[ Time step management

Global number of time steps :

Time step : (Constant 2

Time step (in secc

100

Figure I1.11: Define the global number of time steps and the time step for the 2D solid conduction

computation.
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(= SYRTHES V 4.0.0 - untitled.syd =ES|
File Tools Preferences Help
D EdBFa Run SYRTHES (>, Stop SYRTHES @ Calculation Progress
riT:I\Tames Probes | Result ﬁelds‘ Surface balance | Volume balance‘
~ Conduction r - .
Initial conditions | Treduency of output \Every n time steps  ¢| [10

Boundary condit Definition by coordinates

\F;hlysica::proper; X y User Comments
olumetric con
Periodicity 1 @ 0.003 12
User C functions 2 @
Control 3
4 ¥
I

Running options

Figure I1.12: Define the probe coordinates for output management.

(= SYRTHES V 4.0.0 - untitled.syd =]
File Tools Preferences Help
&3 b a Run SYRTHES > Stop SYRTHES @ Calculation Progress
Home Probes | Result fields | Surface bal Volume bal
File Names robes | Result fields | Surface ba ance| 'olume ba ance‘

- Congyctlon " Frequency at which the result fields are written in the intermediate result file (ext

Initial conditions g
Boundary condit Fields |Every n time steps <] [25| ]
Physical propert
Volumetric cond
Periodicity

User C functions

Control

Running options

Figure I1.13: Define the frequency at which the results fields are written
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= SYRTHES V 4.0.0 - untitled.syd =B
File Tools Preferences Help
D EdBFa Run SYRTHES (>, Stop SYRTHES @ Calculation Progress
Home
File Names
~ Conduction Scalar/ Parallel calculation : number of processor used for conduction : %
Initial conditions  sc4jar parallel calculation : number of processor used for radiation : (1 e
Boundary condit
Physical propert
Volumetric cond Listing name: [listing ]r]
Periodicity -
User C functions
Control Advanced options
Output Domain partitioning : |automatic mesh partitio ¢

Convert result for softwares | Ensight/Paraview ¢

| Run SYRTHES (>

Figure I1.14: Define the file name of the SYRTHES listing and the number of processors used.

™ Code Syrthes calculation progress =S
45
ﬂ Y40

£35
| =0 |Reset Scale| &

t

530
‘Graph 1| Graph 2 Graph3:|> 525
Temperature of ¢/ m1 ¢ 0 200 400 600 800 1000
. Time (s)
Line St| 3 ~Temp. diskl

Listing file browser | Listing file editor | Log

EEEE R R R RS EEE RS I

* SYRTHES *
stk ks ok sk e sk ke sk e ok ok ok o ok o ok o ok o ok ok ok Sk ok sk ke ok ke ok e ok ke ok ok ko ko ok ok ok ok ok ok
* SYRTHES4ENSIGHT : FIN NORMALE *

RS R RS SRR R R SRR RS EEEEEEEEEEEEEE]

Figure I1.15: Screenshot of the computation progress window.
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Fle Edit View Sources Flters Tools Macros Help

pEBF o ? @ % KAl DM R e
@'ﬂa m[OTEMPEMTURE "][ |'] [Surfau |,] x 3 f:iﬁ E @;‘; ;‘;@, ‘f_ﬂ M @ X
Pipeling Browser lﬁl_-_lﬂﬁl

B buitin

Iy - Temperature ensight.case

Obiject Inspector

Properties Display Information

' Apply: l l 2 Reset ] [ 3t Delete ]

@Cewpoint Array Status |
(% © TEMPERATURE

Temperature - solid (°C)
50

‘HII\I\I:\SO \IHI4|OI\ \IIHé‘OI

Figure I1.16: Screenshot of the 2D solid temperature Field.

e Remark: We can visualize the temperature results fields by applying the following command line
to the results file resul.res or resul.rdt (for the results saved at the last time step or the results

saved at each time step):

$ syrthesdensight -m 3rond2d.syr -r resul.res -o Results_Temp
$ syrthesdensight -m 3rond2d.syr -r resul.rdt -o Chrono_Temp
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1.2 Launching the Code _Saturne computation alone

The preparation of the fluid computation alone for case5 is defined below:
e Step 1: launch the Code_Saturne Graphical User Interface (./SaturneGUI),

e Step 2: open a New case,

e Step 3: check the quality of the fluid mesh with the check_mesh,

e Step 4: define the initial and boundary conditions for the air flow problem,
e Step 5: define the physical properties of the disk for the air flow,

e Step 6: running the Code_Saturne computation alone.

File Edit Tools Window Help
@E®mO0khiae:y

(= 3disks2D-fluid-alone.xml - Code_Saturne GUI

HEK)

B &

Study: [3disks2D

]

Case: [ﬂ uid

)

XML file: !ocalOOlhomelB16457/F0rmation-ITECH-CS-2012/ITECH-CS-nov-2012f3disl62 DIﬂuidlDATAISdislG2D-ﬂuid-alone.xml]

@®

|» Identity and paths
~ 5 Calculation environment

&
s Mesh quality criteria
» Ei Thermophysical models
» £ Physical properties
» i Volume conditions
» £ Boundary conditions
» Ei Numerical parameters
» Ei Calculation control
» B Calculation management

& m

Click right for context menu

Meshes‘ Periodic Boundaries ml

Mesh import
@ Import meshes O Use existing mesh input

Local mesh directory (optional)

[MESH ) (B (&)
List of meshes
File name Format Reorient
]
(i — B)
(+J(=)

Face joining (optional)

Fraction Plane Verbosity Visualization 3election criteric

(=)

O Subdivide warped faces

[J Mesh smoothing [~

Figure I1.17: Choose the fluid mesh with Code_Saturne (GUI)
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File Edit Tools Window Help

O3B o e R

= 3disks2D-fluid-alone.xml - Code_Saturne GUI

e

» EJ Boundary conditions

» B Numerical parameters

b B Calculation control

» B Calculation management

Electrical models
|off B

Compressible model
(off JJ

@ m

Click right for context menu

®
Study: [3disks2D ]
Case: [fluid ]
XML file: Yocaloolhome/ﬂ16457/Formation-|TECH-CS-Z012[lTECH-CS-nov-7n1 D/fluid/DATA/3disk -fluid .xmﬂ’
88
flow algorithm
L: Identity and paths (unsteady i 9 —

~ B3 Calculation environment [unsteady flow &

LI Meshes selection " N

o o Euls -L Iti-ph:

() Mesh quality criteria ulerian: (HELEHEIEDD —
~ B3 Thermophysical models [off °J

B q

. Deformable mesh A icifiows|

[ Turbulence models [off °

[ Thermal model )

[+ Radiative transfers @i il .

[, Conjugate heat transfer [off °

| . Species transport N
» B Physical properties Pulverized fuel )
» EJ Volume conditions [off 2

Figure I1.18: Define the physical modelling associated to the air flow inside the fluid domain.

File Edit Tools Window Help
D@30k 6l
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o

Study: [3disks2D
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Case: [ﬂuid

l

XML file: !ocalbolhomelB16457/Formation-ITECH-CS-2012IITECH-C5-nav-7n1

D/fluid/DATA/3disk -fluid-al

x|

L. Identity and paths
~ B3 Calculation environment
[ Meshes selection
L) Mesh quality criteria
Thermophysical models
LI Calculation features
[: Deformable mesh
L Turbulence models

L]

Thermal scalar
Temperature (Celsius) <)

B
L: Radiative transfers
|, Conjugate heat transfer
| Species transport

» B Physical properties

» EJ Volume conditions

» £, Boundary conditions

» EJ Numerical parameters

» E. Calculation control

» £ Calculation management

Figure I1.19:

Choose the Temperature scalar.
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File Edit Tools Window Help
O3B o e R

= 3disks2D-fluid-alone.xml - Code_Saturne GUI ()
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Study: [3disks2D

Case: [fluid

(s Deformable mesh
[ Turbulence models
[ Thermal model
[ Radiative transfers
[l Conjugate heat transfer
|} Species transport
< B3 Physical properties
| Reference values
B Fluid properti |
| Gravity
b EJ Volume conditions

"

L)
XML file: localoolhome/ﬂ15457/Formaticn-|TECH-CS-2012[ITECH-CS-nov- 01 D/fluid/DATA/3disk -fluid-al YI‘\'\ﬂ’
®
Identity and paths pensity j
£ F 5
~ B Calculation environment usegian '] @
[ Meshes selection Reference value p|1.17862 kg/m*
() Mesh quality criteria
~ B3 Thermophysical models Viscosity
LI Calculation features [constant s 7

Reference value

Specific heat
[constant

:] (P2

Reference value

Thermal conductivity
|constant

<) (B2

Reference value

» EJ Boundary conditions
» EJ Numerical parameters

= Mathematical expression editor

» E. Calculation control
» B C: i

User expl ion

symbols |

rho = p0 /

287* (TempC + 273.0) ;

Annuler OK

A 0.02495 W/m/K

Figure 11.20: Define the variable density with a ideal gas law inside the Code_Saturne (GUT).

LI Mesh quality criteria
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[y Calculation features
|.» Deformable mesh
[ Turbulence models
[} Thermal model
[ Radiative transfers
L) Conjugate heat transfer
[ Species transport
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() Reference values
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v Ei Numerical parameters

» E. Calculation control

v B Calculation management

] 3disks2D-fluid-alone.xml - Code_Saturne GUI HEX
File Edit Tools Window Help
Iedob o e
Er)
Study: [3disks2D ]
Case: [ﬂuid ]
XML file: localOOIhome/B16457/F0rmation-|TECH-CS-2012/ITECH-CS-HOV-70| D/fluid/DATA/3disk -fluid-al .Xml"
®
J—
(. Identity and paths ravity 0.0 9
~ B3 Calculation environment %[0 s
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Figure I1.21: Define the gravity
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= 3disks2D-fluid-alone.xml - Code_Saturne GUI WU
File Edit Tools Window Help
OIEdQ0Bi 6 eIl
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Study: [3disks2D )
Case:  [fluid ]
XML file: localoolhome/a15457/Formatian-|TECH-CS-2012[|TECH-Cs-nov- 01 D/fluid/DATA/3disk d-al ymﬂ’

88

L: Identity and paths

~ B Calculation environment
LI Meshes selection
() Mesh quality criteria

~ B3 Thermophysical models
[J Calculation features
[» Deformable mesh
[ Turbulence models
[ Thermal model
[ Radiative transfers
[ Conjugate heat transfer
[ Species transport

< B3 Physical properties
[ Reference values
) Fluid properties
[ Gravity

~ B Volume conditions

|

|1 Volume regions definition

Volume zone (all_cells|

Velocity

Thermal

= Mathematical expression e

User expression | Predefined symb |

TempC

|4 Coriolis Source Terms
» EJ Boundary conditions
» EJ Numerical parameters
b B Calculation control
» B Calculation management

@ m

Turbulence | Initialization by reference value(sj¢| | |

Figure 11.22: Initalization of the velocity components and temperature variables.
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File Edit Tools Window Help
D@30k 6l
L
Study:  [3disks2D
Case: lﬂuid
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~ B9 Physical properties
LI Reference values
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L) Gravity

~ B3 Volume conditions

() Initialization

[: Coriolis Source Terms
~ B3 Boundary conditions

X
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[s Boundary conditions
» EJ Numerical parameters
» £ Calculation control

ar m

listing (=]

Figure I1.23: Load the

check_mesh.log file inside the Code_Saturne (GUI).




Code_Saturne

EDF R&D Code_Saturne version 3.0.0-rcl tutorial - documentation
Three 2D disks Page 25/31

= 3disks2D-fluid-alone.xml - Code_Saturne GUI HE)
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Study: [3disks2D ]
Case:  [fluid ]
XML file: Jocaloo/home/B16457/Formation-ITECH-CS-2012/ITECH-CS-nov-201 It D/fluid/DATA/3disk -fluid-al .xmﬂ,
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~ B Calculation environment
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() Mesh quality criteria BC2 2 Symmetry 2 or3
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[J Calculation features
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[ Conjugate heat transfer Add from Preprocessor listing

g Sp_ecles transp_ort E Import groups and references from Preprocessor listing \L,:\
Physical properties &
[ Reference values

) Fluid properties

[ Gravity

Volume conditions
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|4 Coriolis Source Terms
Boundary conditions

B
L Boundary conditions
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b EJ Calculation control

@ [

Figure I1.24: Loading the check_mesh.log file automatically defines the boundary regions.
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L]

(. Identity and paths €]
~ B3 Calculation environment
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L) Mesh quality criteria
Thermophysical models
LI Calculation features
[: Deformable mesh
L Turbulence models
[} Thermal model
[ Radiative transfers Smooth or rough wall
() Conjugate heat transfer @® smooth wall © rough wall
L) Species transport
Physical properties .
LI Reference values O Sliding wall
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LI Gravity Thermal

~ B Volume conditions Type [Exchange coefficient
[ Volume regions definition .
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[: Coriolis Source Terms 2 [:
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=
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Figure I1.25: Define a thermal transfer condition as wall boundary condition with a extern wall tem-
perature Teyy = 30°C and a exchange coefficient ey = 10 (W/m?.K).
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= 3disks2D-fluid-alone.xml - Code_Saturne GUI HE)
File Edit Tools Window Help

O3B o e R
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Study: [3disks2D ]
Case: [fluid ]
XML file: Jocalo0/home/B16457/Formation-ITECH-CS-2012/ITECH-CS-nov-201 I D/fluid/DATA/3disk -fluid-al _xmﬂ’

~ B3 Thermophysical models =
[J Calculation features
[: Deformable mesh
[ Turbulence models
[ Thermal model
[ Radiative transfers
[ Conjugate heat transfer
|) Species transport
hysical properties
[ Reference values
[ Fluid properties
L) Gravity
‘'olume conditions
|} Volume regions definition
() Initialization
|4 Coriolis Source Terms
< B3 Boundary conditions
|1 Definition of boundary regions
L) Boundary conditions
~ B Numerical parameters
[ Global parameters
|1 Equation parameters
I
» . Calculation control
» £ Calculation management
@

Time step option |Constant

Reference time step
Number of iterations (restart included)

Time step limitation with
the local thermal time step

Option zero time step (1

Figure 11.26: Define the iterations number and time step.
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Figure I1.27: Define the writer and frequency output inside the Code_Saturne (GUI).
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Figure 11.29: Visualization of the 2D fluid temperature field
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1.3 Launching the Code_Saturne-SYRTHES coupling computation

The last modification to prepare the coupling computation are given below:
e Step 1: activate the conjugate heat transfer in the SYRTHES (Gui),

e Step 2: activate the conjugate heat transfer in the Code_Saturne (GUI),
e Step 3: give identical iterations number and time step for both codes,

e Step 4: check the runcase_coupling script and launch it.

(= SYRTHES V 4.0.0 - untitled.syd =]
File Tools Preferences Help

@& = Run SYRTHES » Stop SYRTHES@ Calculation Progress

File Names

Conduction | User description of the case | S 1
Initial conditions : ; YR HES

Boundary conditio
Physical properties
Volumetric conditi
Periodicity
Conjugate heat tran

User C functions

Control ~Additional physical modelling
[0 Thermal radiation

Output

Running options O Humic |:Heat and moisture transfer ct

Case title : [3disk52D - thermal conduction - solid alone| ]

V 4.0.0

Dimension of the problem : |:2D_cart c|

¥ Conjugate Heat Transfer

(&I m )

Figure I1.30: Activate the conjugate heat transfer for the solid domain.

(= SYRTHES V 4.0.0 - untitled.syd =]
File Tools Preferences Help
D &3 ke Run SYRTHES » Stop SYRTHES@ Calculation Progress
H -
Ficl’;nl\leames Surface coupling | Volumetric coupling
= Conduction Definition of the conjugate heat transfer coupling with CFD codes.

Initial condltlon.s Name of the CFD code instance References Jser comment:
Boundary condit

Physical propert ¥ Code_SaturneCFD 1

Volumetric cond &
Periodicity =

(D]

(@l n B

User C functions
Control
Output
Running options

|2 E—TE— D)

Figure I1.31: Specify the reference zone for the coupling surfaces with Code_Saturne.
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Stop SYRTHES @ Calculation Progress

0@ ® @ Run SYRTHES »
Home . . .
File Names Time management  Solver information

[ Restart calculatior

Restart Management
Initial conditions [

[ Setting a new restart time(in second) |1.e-6 |
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Physical propert
Volumetric cond
Periodicity
Conjugate heat tra
User C functions

Output
Running options

( Time step management
Global number of time steps : |50000
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Time step (in secc

Figure 11.32: Change the iterations number and time step for the solid domain.
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|2 Radiative transfers
L)

LI Species transport

LI Reference values
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[ Definition of boundary regions
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Figure 11.33: Activate the conjugate heat transfer for the fluid domain.
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L) Species transport
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() Initialization
[ Coriolis Source Terms
~ B3 Boundary conditions
L) Definition of boundary regions
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Label Zone Nature Selection criteria
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® smooth wall O rough wall

O sliding wall

Thermal
Type | Exchange coefficient [ &
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B
~ B3 Numerical parameters
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[ Equation parameters
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~ B3 Calculation control
L: Time averages
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Figure 11.34: Change the boundary conditions for the wall temperature.
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() Calculation features ]
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| Volume regions definition
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L1 Boundary conditions
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Figure I1.35: Change the iterations number and time step for the fluid computation.

e Remark: After having modified the data setting for the fluid and solid domains to activate the
conjugate heat transfer on both sides, we just have to increase the iterations number and check the
runcase_coupling script.
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We just need to edit the runcase_coupling script and give the name of your SYRTHES script saved
in the SYRTHES (Gui) as below:

©“

vim runcase_coupling
domains = [

’solver’: ’Code_Saturne’,
’domain’: ’fluid’,
’script’: ’runcase’,
’n_procs_weight’: None,
’n_procsmin’: 4,
’n_procsmax’: 4

’solver’: ’SYRTHES’,

’domain’: ’solid’,

’script’: ,
’n_procs_weight’: None,
’n_procsmin’: 2,

’n_procsmax’: 2,

opt’ : ’-v ens’

VVVVVVVVVVVVVVYVYVVYV

]

You just have to launch the runcase_coupling present in the study directory (named in our case
3disks2d) and run the coupling computation, as follows:

$ runcase_coupling

e Remarks: in the runcase_coupling, you can specify the processors number for each code (as this
example with 4 processors for Code_Saturne and 2 processors for SYRTHES) in parallel or just one
processor for each code in sequential.

You can specify the ouput results format for SYRTHES with an option (opt) which takes the value -v
ens for a 3D fields output with a EnSight format or -v med for a 3D fields output with a SALOME
format).
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