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1 Introduction
1.1 Tutorial Components

This tutorial makes use of:

e The SALOME [?] platform for geometry generation, meshing, and post-processing

e code_saturne [?], [?] for CFD calculations

1.2 Tutorial Structure

This tutorial is made of two complementary sections:

e Section 1 describes all the procedures required to get create the geometry and the mesh for the
present case using SALOME

e Section 2 illustrates setting up, running, and analysing a T-junction CFD simulation entirely

with code_saturne

e Section 3 illustrates the setting up of an advanced T-junction CFD simulation, restarting from
the previous computation with additional advanced code_saturne user sources in C.




Part 11

Setting up



code_saturne
EDF R&D code_saturne version 8.0 tutorial: documentation
T-junction Flow Page 6/29

1 Creating the geometry and the mesh

In this section, we will see how to generate a geometry and a mesh with the SALOME platform.

We invite you to save regularly your work.

1.1 Creation of the geometry

First of all, you need to activate SHAPER by clicking on the ?SHAPER” icon.

A part named ”"Part_1” was automatically generated. We can now create a sketch with a size view of
0.3 on the plane ”XOZ”. You can select the plane in the viewer or in the ”Constructions” folder in
the ”Object browser”.

SALOME 9.8.0 - [Study1]

File Edit View Part Construction Build Primitives Features Inspection Macros Tools Y
LaBE » @ 2mYUPE <3

B9 Parameters (
¢+ [ constructions|

RRE= O LrBEA.

® 4 e
0
(SR - I B FE) 0o H e §m 9 [
Usketeh | & AL HE 20 D4 2 ¢
Object browser ;:9 0CC scene:l - view
2k Part set A — 7
H

» [ Parts (1) 1)
£ Part 1 ~

[ Parametery —
[ Constructi
[ Results (0)

Figure II.1: Creation of a sketch in SHAPER

SALOME 9.8.0 - [Study1] M
File Edit View Part Sketch Construction Buld Primitives Features Inspection Macros Tools Window Help
DEE o -c [Ssheer HEICRE N AR KRR B RN -

P
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o vX| e /0O @ rv e Ko/’ L & DN AR @ oo
Sketch ()] ocC s erl ®
u ¥l oo pmEEecklrmareBroooanm®-

Size of the view 0.3

Sl e e D G Asize of Sketch view can be defined here,
sketch

Object browser 88

@, Part set.
[ Parameters (0) 4
» [ Constructions (7)
» B parts (1)
- & part1

[ Parameters (0)

[ constructions (0) '(
[ Results (0)
(SR o

Figure I1.2: Select sketch plane in SHAPER

In this sketch, we create a circle and set a constraint on the radius of r1 = 0.1m. Please note that
drawings appear in green when the sketch is fully fixed (zero degree of freedom). Once it is done, we
can validate the sketch.
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SALOME 9.8.0 - [Studyl1]
File Edit View Part Sketch Construction Build Primitives Features Inspection Macros Toels Window Help

D@EE 5-c [Sshaper o e 2w R PO R YUY &G

Fal--1
&S BB 888 @ Wy RE LS e @B % OO0 M &
[ vX|le /0@ @aaKegs 0D & b0 n » &»
Radius 2l 0CC scene:1 - viewer.1
? v X| . :
B oOoPRARNOCO LLERLPHB PO OO

Select a circle or an arc on which to
calculate radius

Circle or Are |SketchCircle_1_2
Value| 0130369328134 B

Text location

il =

Object browser B8
@ Part set
B Parameters (0)

» [ Constructions (7)

» [ Parts (1)

~ @G Part 1
[B] Parameters (0)
[ Constructions (0)
[ Results (0) i

I &
i <

Python Console

Figure I1.3: First sketch

With this sketch, we are going to create a cylinder with the extrusion function. Please note that you
need to select ”Sketch_1” in ” Construction” folder to do so.

SALOME 9.8.0 - [Study1]

File Edit View Part Sketch Construction Build Primitives Features Inspection Macros Tools Window Help

0@ E 5-c  [&shper e 2w U PO =YY e @

& /4
()] BB 88 &8 v FFEAeyE 9 Uy TOOCE
Extrusion

17 sketc S B @7 @@ HE 2 ODEas bR AT
Object browser 2% 0CC scene:1 -viewer:1
@, Part set
B Perameters (0) DoPABDCOLAEAR P HLB PO
» [ constructions (7)
v [ Parts (1)
v & Part 1
+ B Parameters (1)
~ [ Constructions (1)
€ A Sketch_1
[ Results (0)
17 sketch_1 <

L.

Figure I1.4: Selection of extrusion function

In order to generate the first cylinder, use a length of {1 = 0.25m in both directions along the Y axis.
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Extrusion B® 0CC scene:1 - viewer:1
? v}
? ‘Xl g o pR@ElecklrBrred P o0
Type
1
Base objects:
Sketeh_L

/' <base normal>

4
I n-ozs @

In o

[

Object browser B®
€}, Part set
[ Parameters (0) c
+ [ constructions (7)
v [ Parts (1)
- & Part_1
+ [ Parameters (2)
~ [ Constructions (1) <

7

Figure I1.5: Extrusion of cylinder 1

Now, we create a second sketch in the plane XOY. It consists of a circle with a radius 72 = 0.025m
and an offset of [2 = 0.05m from the Y axis. They are several ways to apply these constraints, for
instance one can use ”coincident” constraint to fix the center of the circle on the a X axis and then

use ”distance” constraint to set the offset.

%] VX e /B0 Q-7 @ HBPBE”s OD &% YO R
Distance 2153 0CC scene:] -viewer:1

? wp X

8 DO PRRROCO ELLPPARALHLBFO
Select objects for distance deﬁnt@

Following objects can be accepted:
paint, line or arc end point, center of
circle or arc

First ebject |SketchLine 2

Second object | SketchCircle_2/Center

Value | 12 H
Text location
- @ I«

v/ keep orientation

t
2.
Obiect browser Distance

Figure I1.6: Second sketch

In order to create the second cylinder, extrude ”Sketch_2” along the Z axis with a length /1.
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Type

/" <base normal>
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Imn &
Tlo B
Object browser @&®
%, Part set

B Parameters (0)
- [ constructions (7)

& origin
ox

& or
@ oz
&8 voz
&8 xoz
& xor

Figure I1.7: Extrusion of cylinder 2

The final geometry is generated as the fusion of both extrusions. Please note that you need to select
them in ”Results” folder and then click on ”Fuse” icon.

SALOME 9.8.0 - [Study1]

File Edit View Part Sketch Construction Build Primitives Features Inspection Macros Tools Window Help

DEE S-¢ [Sshwer -[Se0 2w IP6 <Y uaw

@ S 4L
A ER A8 C PMFFrFFerm 9 0 FE TO

skt |8 S B[@ 7 @ diek @ 210D & # 9 W 0D

Object browser @06 0CC scene:1 -viewer:1
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| origin

ox

=} & xov

v [ Parts (1) |

~ & Part 1 |‘

» [ Parameters (4) |

~ [ constructions (2) {
w ] sketch_1
- {# sketch_2

~ [ Results (2)
@ Extrusion_1_1

& Extrusion_2_1

17 Sketch 1

A Extrusion_1

17 Sketch_2

A Extrusion_2 < 1
i
\ /‘
N /

N .
R o
N
L

Figure I1.8: Selection of fuse function

Now, we can create groups of faces that will be used to defined boundary conditions in the data settings
of the code_saturne computation.
To do so, we select "Fuse_1_1” in the ”Results” folder, click on ”Feature” tab and select ” Group”.
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SALOME 9.8.0 - [Study1]

File Edit View Part Sketch Construction Build Primitives [ZMiieg Inspection Macros Tools Window Help

b Scal
DEE 9-¢ [@shwr  -|5 et 11 R A
& Extrusion
e S 4 % ExtrusionCut
{3 ExtrusionFuse
G s e 888 7 & FE P seeouon Py "B 0B
N RevolutionCut
DSkEtCh / = :fl [ "[ @ 2 N .' g RevolutionFuse \\ ] a l "
Object browser 8% 5 Pipe Miewer:1
€, Part set o cu
B Parameters (0) D op eSS [SRPRE R
~ [ constructions (7) o ruse
& origin % Common
& ox o smash
% g‘i [ Intersection
z
@l voz & Partition i I
& oz & split ( | |
=] & ror [ Remove Sub-Shapes | |
» [ Parts (1) I
Re
i Jouih 8) Fecover I‘ ‘
+ B Parameters (4) i copy ‘ [
~ [ constructions (2) = Import Result 1 |
* {# sketch 1 7 sketch copy I
@ 4F] sketch_2 P
= 1DAfllet
~ [ Results (1) . <
o & Fuse 1 1 £ Filet
17 Sketch_ 1 {3 chamfer
& Extrusion_1 ({ Fuse Faces
17 sketch_2 Defeaturin
& Bxtrusion_2 g 9
P Fuse 1 < { Field
Group N
# Group Addition
Group Intersaction
Group Substraction y
E Group Shape //’
[ &2 Export to GEOM

Figure I11.9: Selection of group function

The four groups of type ”Face” should be created with the following instructions:

Group name ‘ Position

inletl disk of cylinder 1 along plane XOZ with minimum Y coordinates
inlet2 disk of cylinder 2
outlet disk of cylinder 1 along plane XOZ with maximum Y coordinates
walls remaining boundary faces
Table II.1: Group definition

(Sl e 0CC scenerl - viewer:1

zme inlef1 E \mu:—;m:é ______ MAENIALESALRS

Type

+ Ve

0] &

Extrusion 1 1/To Face

Selection by filters Show only

Add elements that share the same topology

Object browser B&
©, Part set
B Parameters (0) =
» [ constructions (7)
» [ Parts (1)
~ @ Part 1
» [ Parameters (4)
~ [ constructions (2)
- & sketch_1

* {fA Sketch_2
~ [ Results (1)

= i) Fuse 1 1 ok
» [ Groups (1) -

Python Console

Figure I1.10: Group of face inletl
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Group 0cce scene:l -viewer:1
- el EEERV T YRR T
Name |inlet2

|selection by filters| | show only |

|| Add elements that share the same topology

Object browser
@, Part set
[ Parameters (0) =
+ [ constructions (7)
v [ Parts (1)
- & Part 1

+ [ Parameters (4)
~ [ constructions (2)

- Sketch 1
E3 sketch_2

~ [ Results (1)

» [ Groups (2) v
Python Console

Figure II.11: Group of face inlet2

Group 0CC sceneil - viewer:l

? “%m;mﬁiﬁlﬂ- CLPRRALH I WO

Name |outlet

Tpe

I

| Selection by filters | | show only |

| Add elements that share the same topology

Object browser
@, Part set
[ Parameters (0) L
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v [ Parts (1)
~ & Part 1
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~ [ Constructions (2)
- @] sketch_1
£ | sketch_z2
~ [ Results (1)

» [ Groups (3) -
Python Console

Figure I11.12: Group of face outlet
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? Yl x|
—— o) sopMEEcorrgRr B8P O00

Kl =)

|Selection by fitters| | Show only |
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@, Part set
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+ [ Results (1)
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Figure I1.13: Group of face walls
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1.2 Generation of the mesh

We are going to generate a mesh based on the geometry we just created. We first have to activate
SMESH by clicking on the "SMESH” icon.

After that, we select "Fuse_1_1” in ”ShaperResults” folder, click on "Mesh” tab and select ”Create
Mesh”.

SALOME 9.8.0 - [Study_TP4]

File Edit wiew [EEEW Controls Modification Adaptation Measurements Tools Window Help
#= Create Mesh - * " %]
B EE ERO6 «mu Y

- 4 Create Sub-mesh
é 4 @ 4 Edit Mesh/Sub-mesh » @1 » e U ]
Build Compound
Object Browser < i
ﬁ Copy Mesh 1 -viewer:1
@ Name

= Shaper| &# Compute m m J,L_ pel @ A L

~ [ Shaperf @ preview
88 Evaluate
i change sub-mesh priority
W Create Group
%ﬁ Create Groups from Geometry
W Construct Group
W Edit Group
W Edit Group as Standalone

Figure I1.14: Selection of function create mesh

In the new window, we can select the type of element and the corresponding algorithm that will be
used to generate the mesh. We invite you to use "MG-Tetra” and "MG-CADSurf’” as 3D and 2D
algorithms with the default configuration.

Create mesh x
hName Mesh_1
Geometry | @  |Fuse 1.1
Mesh type Any -

V| Create all Groups on Geometry

3D 2D
Algorithm MG-CADSuUrf -
Hypothesis <Default= e 1|
Add. Hypothesis <MNone=> | &
@ &
Assign a set of automatic hypotheses .
Apply and Clgse Apply Close Help

Figure I1.15: Selection of meshing algorithms

It is now possible to generate the mesh with a right click on "Mesh_1” followed by the selection of
” Compute”.




code_saturne

EDF R&D code_saturne version 8.0 tutorial: documentation
T-junction Flow Page 13/29

SALOME 9.8.0 - [Study.TP4]

File Edit Wiew Mesh Controls Modification Adaptation Measurements Tools Window Help

D@ E BB (&M S e &m D RO <@ Y R

8 484 4 k> s e e B o\ n F
Object Browser es OCC scene:1 -viewer:1
@ Name

& Shaper Do REPERE LPEAR ALY

~ = ShaperResults
3 Fuse 1 1

~ @@ Mesh
» % Algorithms
Rename F2
& Edit Mesh

& Create Sub-mesh

# Change sub-mesh priority
) Compute

&% Preview

8 Evaluate z
W@ Mesh Information

il.. Overall Mesh Quality

¥ Create Group

iﬁ Create Groups from Geometry
Ma Remesh with MG_Adapt

4 Clear Mesh Data

@ Delete Del
@ Update
e Auto Color
Refresh FS
Expand All
Find Ctri+F

Figure I1.16: Selection compute mesh function

At the end of the computation of the mesh, a new window will appear. It helps to verify the type and
the number of elements.

Mesh computation succeed x

Compute mesh
OF |
Mame
Mesh_1
Mesh Infos
Total Linear Quadratic Bi-Quadratic
Nodes : 2780
0D Elements : 0
Balls : 0
Edges : 140 140 0
Faces : 2346 2346 0 0
Triangles : 2346 2346 0 0
Quadrangles : 0 0 0 0
Polygons : 0 0 0
Volumes : 12875 12875 0 0
Tetrahedrons : 12875 12875 0
Hexahedrons : 0 0 0 0
Pyramids : 0 0 0
Prisms : (4] 0 (o] (4]
Hexagonal prisms : 0
Polyhedrons : 4]
C[oig Help

Figure I1.17: Mesh information
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It is now necessary to save the mesh to be able to use it in the code_saturne data settings. Use export
function to do so. We invite you to select the med format as it is the native format of the SALOME

platform and can be read by code_saturne.

SALOME 9.8.0 - [Study_TP4]

File Edit View Mesh Controls Modification Adaptation Measurements Iools Window Help

0DEE BB (s MERETILAR X N s
B_BH B B PP B A P @ N
(Ol Bl er 0cC scene:l -viewer:1 WTK scene:l - viewer:1
@ Name
5 shaper Do REME LR res PO OO
- {3 ShaperResults
» 9 Fuse11
« @ Mesh
) & Algorithms
Rename F2

4 Edit Mesh

4 Create Sub-mesh

& Change sub-mesh priority

@} Clear + Compute

W2 Mesh Information

W, Find Element by Point

i, overall Mesh Quality

¥ Create Group

i Create Groups from Geometry

1% Convert toffrom quadratic

@ Create boundary elements

e Remesh with MG_Adapt

& Clear Mesh Data

@ Delete Del
@ Update
I Auto Color
MED file
Display Entity UNV file
= Hide STLfile

Show only oS file
Refresh F5 GMF file
Expand Al DAT file
Find Ctrl+F

Figure I1.18: Save mesh in med format
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2 Setting up

2.1 Mesh pre-processing

It is always advise not to keep tetrahedral cells at the inlet/outlet of a CFD mesh. The mesh made in
the previous section is fully tetrahedral. To add some layers of prisms at the two inlets and outlets,
we will perform an extrusion on those faces directly in code_saturne. Also, the outlet might be located
a little close to the T junction, so extruding the outlet will also allow to make the pipe after the T
longer.

First, select the mesh from previous section in the Mesh item and make sure to change the ” Execution

mode” from ”Standard Computation” to ”Mesh preprocessing Only”. This execution mode, will only
perform the preprocessing operations on the mesh, but do not require any CFD setup for now.

CASE1 : setup.xml - code_saturne x
File Edit Tools Window Help
Oe®: @ = 6 EEE
B®
| & Calculation environment Mesh input
Mesh 0
| Preprocessing @ Import meshes () Use existing mesh input () Generate cartesian mesh
| Volume zones
| Boundlary zones Local mesh directory (optional)
) Boundary conditions IMESH Bl

|- Postprocessing
¥ Performance settings List of meshes
File name Format Numbers Reorient Path

mesh_tjunction. med MED 1

Execution mode

Mesh preprocessing only -
v| Use unmodified checkpoint mesh in case of restart

v| Save mesh if modified by preprocessing

Figure I1.19: Select lesh and switch the ”Execution mode” to ”Mesh preprocessing Only”.

Go to the Preprocessing sub item and click on the Other tab. Under the mesh extrusion menu, add
the following extrusion :

n layers ‘ thickness ‘ expansion factor ‘ selector

4 0.05 1 inlet1
8 0.025 1 inlet2
40 1.0 1.03 outlet

Table I1.2: Extrusion parameters
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‘CASE1 : setup.xml - code_saturne

File Edit Tools Window Help
OE® 9¢ & [ Ko

a8
Perlodic Boundaries | Other |

|4 Calculation environment Face joining

~ [} Mesh
B Preprocessing Interior to boundary faces (boundary insertion)
- Volume zones
& zone id selector

| Boundary zones
[&) Boundary conditions
7 Postprocessing
¥ Performance settings

Add || Delete |

Mesh extrusion
zone id n layers thickness expansion factor selector

8 0,025 1 inlet2
40 1 1.03 oulet

add || Delete |

Figure I1.20: Define the three extrusion.

Run the case. You can then visualize the resulting mesh by opening Paraview. You should ended with

the following mesh :

47-‘57‘:“%‘ VAV
T VAVANAVAN,
ST VAVAVAWAY NS
S A \VaAY K UOGAN
NN AV AVAWA v
NVAV Wi AV
NNavaTary

W

A7

Figure I1.21: The final mesh with extrusions.

2.2 Computation setup

First, in the Mesh item switch back the ”Execution mode” to ”Standard Computation”.

Notebook variables

It is possible in code_saturne to create variables that can be used throuhgout the whole setup. We will
here create a variable to define the inlet velocity in the main and side branch of the T junction. In the
Notebook item located under the Calculation environment menu simply add the variables :
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variable name |value
main_inlet_velocity| 0.5
side_inlet_velocity| 2.0
Table I1.3: Notebook variables
‘CASEL : setup.xml - code_saturne X
File Edit Tools Window Help

OE®d 9¢ BY @H

ol

~ | Calculation environment Notebook variables

= [ Mesh
|| Preprocessing
[} Volume zones
[) Boundary zones
w o Caleulation features
[] Turbulence models
[} Thermal model
7] Body forces
|| Species transport
~ [ Velume conditions
[ all_cells
~ [l Boundary conditions
[ main_inlet
[ side_inlet
[ outlet
[ wall
[) Coupling parameters
= At Time settings

Boundary zones

variable name value |OpenTurns Variable  Editable |Description
main_inlet_velocity 0.5 No No
side_Jnlet_velocity 2.0 No No
% [ = | mon

Figure 11.22: Notebook variables definition

In order to define the boundary zones, go the Boundary zones item located under the Mesh menu.
From here you can manually add the different boundary zones, but since we already performed a pre-
processing of our mesh, we can simply click on Import groups and references from preprocessor
log. Here, you should be able to select the file preprocessort.log, located in the results folder from

the previous section.

Select a preprocessor log

x

Lookin: | FJ/home/F75673/Code . .5U/20220301-14151 | & o 4 By [

B MEsH | Neme ~ size Type

Date Modified

[ checkpoint Folder
[ postprocessing Folder
|| performance.log 2 KB log File
B pre 5 K 3
|} run_solver.log 7 KB log File
[ setup.log 17 bytes log File

1l D

01/03/... 1415
01/03/.
01/03,

01/03/...
01/03/...

File name:  preprocessor.log

|Caoer

Files of type: | Preprocessor log (*log)

~ || cancel

Figure I1.23: Boundary zones definition from existing preprocessing file
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Four different boundary zones should appear. Simply change the label so that they could be easily
identified.

Boundary regions definition

Label  Zone Selection criteria
main_inlet inletl
side_inlet inlet2
outlet oulet
wall walls

Figure I1.24: Final boundary zones with explicit labels

Calculation features

Let’s now go in the Calculation features top menu.

e In the Turbulence models item, select the kK — w SST model. Let the velocity scale to 1, it is
only be used for initilization purpose.

e In the Thermal model item, switch from ”No thermal scalar” to ” Temperature (Celsius)”.

Volume conditions

Let’s now move in the Volume conditions top menu. By default, there is only a default volume
zone containing all the domain. If needed, some additional volume zones can be defined under the
Mesh/Volume zones item.

For the default all_cells volume zones, activate the ”Initialization”.

CASE1: setup.xml - code_saturne x

File Edit Tools Window Help

CE®:49 = o &
EE]
¥ || Calculation environment Volume zone types
[} Notebook
~ I Mesh Zone label Initialization  Physical properties Solid Porosity Head losses ementum source Thermal source term

[} Preprocessing
|| Volume zones
|| Boundary zones
¥ ¢4 Calculation features
[} Turbulence models
|_| Thermal model
|| Body forces
|| Species transpert

Volume conditions

|4 allcells

allcells v v

Figure I1.25: Volume zone types

Now, under the tab all_cells, set the physical properties as follows (water at 20° C) :

property ‘ value
Density p = 1000 kg/m?
Viscosity ©=0.001 Pa.s

Specific heat Cp =4190 J/kg/K
Thermal conductivity | A = 0.604 W/m/K

Table I1.4: Property values

In the Initialization tab of the same page, set the velocity to 0. For the thermal scalar, switch from
” Automatic” to ”Initilization by formula”. Click then on the red button and set the temperature to
20° C.




code_saturne
EDF R&D code_saturne version 8.0 tutorial: documentation
T-junction Flow Page 19/29

Mathematical expression editor

User expression | Predefined symbols | Examples

temperature = 20.:

Figure I1.26: Initialization of the temperature

Boundary conditions

Move to the Boundary condition menu. Set the boundary conditions according to the following
table :

Label | type
main_inlet | Inlet
side_inlet | Inlet

outlet |Outlet

wall Wall

Table I1.5: Type of boundary conditions

Label Nature
n_i

Figure 11.27: Type of boundary conditions in the GUI

Now there should be one item in the left menu for each of your boundary zone.

e For the main inlet item, we want to prescribe a bulk velocity equal to the variable "main_inlet_velocity”
that was previsouly added in the ”Notebook”.

In the Velocity part, switch from "norm” to ”norm (user law)”. Click on the red button on
the right, and simply indicate that u_norm = main_inlet_velocity.

Mathematical expression editor

User expression | Predefined symbols | Examples |

u_norm - main_inlet_velocity;|

~Goncal |

Figure 11.28: Defining the norm of the velocity

Set the hydraulic diameter to 0.2.
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Set the thermal prescribed value to 20° C.
CASE1: setup.xml - code_saturne x
File Edit Tools Window Help
OEe® ¢ @ @ @@ 6 M
Caleulation environment main_inlet [Inlet] =
Mesh
» &) Calculation features Convective Inlet
~ [ Volume conditions
[ all_cells
~ [&) Boundary conditions
el
|| side_inlet
[y outlet
L wall Velocity
|4 coupling parameters -
» At Time settings | norm (user law) ~ || | mss E’
P Az Numerical parameters —
» |7 Postprocessing Direction | normal direction to the inlet ~ | Br
¥ Performance settings -
Turbulence
| caleulation by hydraulic diameter + | |/
Hydraulic diameter |0.2 m
Thermal
vl 3y

Type \Prescnbed value

|temperature - Value 20.0

Figure I1.29: Boundary conditions for the main inlet
e For the side inlet item, we want to prescribe a bulk velocity equal to the variable ”side_inlet_velocity”.

In the Velocity part, simply switch from "norm” to ”norm (user law)”. Click on the red
button on the right, and simply indicate that unorm = side_inlet_velocity.

Mathematical expression editor

User expression | Predefined symbols | Examples

1_norm = side_inlet_velucity:l

Figure I1.30: Defining the norm of the velocity

Set the hydraulic diameter to 0.05.
Set the thermal prescribed value to 30° C.
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CASEL: setup.xml - code_saturne X

Flle Edit Tools Window Help

Ced 9 = gEEE
@

= [ Calculation environment side_inlet [Inlet]
[] Notebaok

« [ mesh Convective Inlet
[] Preprocessing
) Volume zones
|| Boundary zones

~ o Calculation features
[] Turbulence models
|| Thermal model
|) Body forces Velocity
|} Species transport

- [@ volume condttions norm (user law) ~ mis 2
[ all_cells

~ & Boundary conditions Direction normal direction to the inlet ~
|_J main_inlet
) outlet Turbulence
| wall

[ Coupling parameters

> At Time settings

b Az Numerical parameters

~ |7 Postprocessing
[ Additional user arrays
| Time averages
|4 Velume solution control
| Surface solution control
|y Profiles
| Balance by zone

4% Performance settings Thermal

Mapped Inlet

Calculation by hydraulic diameter ~

Hydraulic diameter |0.05 m

Type | Prescribed value -

temperature ~ Value 30.0

Figure I1.31: Boundary conditions for the side inlet
e Leave the outlet and the wall boundary zones as they are defined by default.

Time settings

Move to the Time settings menu. Set the time step option to ”Steady”, the reference time
step to 0.1 s and the number of time steps to 600.

CASE1: setup.xml - code_saturne x
File Edit Tools Window Help
D&® = [ [ £
~ [ Calculation environment
[ Notebook )
« ) Mesh Time step option | Steady (local time step) ~
[ Preprocessing Wvelocity-Pressure algorithm | SIMPLEC -

|| Volume zones
|| Boundary zones
¥ ¢ Calculation features
|| Turbulence models Reference time step 0.1 s
|_| Thermal model

B Bodyforces Maximal CFL number 1.0

|| Species transport Maximal Fourier number 10.0
~ [[§ Volume conditions

|4 all_cells Minimal time step factor 0.1
~ [ Boundary cenditions Maximal time step factor | 1000.0

[ main_inlet

| side_inlet Time step maximal variation 0.1

[ outlet

[y wall

|_| Coupling parameters .

Stopping eriterion | Number of time steps ~ | 600

|4 Start/Restart

Figure I1.32: Time settings

Numerical parameters

Move to the Numerical parameters menu.

For stability issues, it can be interesting to switch the gradient reconstruction mode to ”Least
Squares” with ”Full (all vertex adjacent)” extended cell neighbors. This option is more
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robust on tetrahedral cells, but is more expensive to compute.

Gradient reconstruction type | Least squares -

Extended cell neighbors Full (all vertex adjacent) -

Figure I1.33: Numerical parameters for gradient computations

Move to the Clipping tab in the Equation parameters item. Set the minimum for the temperature
to 20 and the maximum to 30. This will enforce the min/max principle to be respected.

CASE1 : setup.xml - code_saturne X
File Edit Tools Window Help
fed 9¢ @ @@AEE M
(=]E]

= [ calculation environment Solver | Scheme | Clipping

|} Notebook
= [ Mesh p— Minimal Maximal

[} Preprocessing value value

temperature 20 30

|} Volume zones
|| Boundary zones
~ &y Calculation features
[] Turbulence models
|} Thermal model
|| Body forces
|| Species transport
~ [J& Velume conditions
[ all_cells
w & Boundary conditions
[ main_inlet
[y side_inlet
|4 outlet
[y wall
|| Coupling parameters
~ At Time settings
| Start/Restart
w Ay Numerical parameters

B Equation parameters

Figure 11.34: Numerical parameters the temperature clippings

Postprocessing

Move to the Postprocessing menu. Define monitoring point according to the following locations :

nl x |y| z
110 0] O
21 0 |01} O
31 0 |04] 0
410 |11 0
510.0410.2(0.06

Table I1.6: Monitoring points

Running the computation

Run the computation on 4/5/6 processes. It should take around 15/20 minutes.

e First check the convergence of the case by plotting the monitoring points in Paraview (or any
other plotting tool). The computation should be converged.
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Figure I11.35: Temporal evolution of monitoring points (left y-velocity, right temperature)

e You can now visualise your results in Paraview. Check the streamlines :)

TempC
20e+01 21 22 23 24 25 26 27 28 29 3.0e+01

Figure I1.36: Results
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Figure I1.37: Results

Figure I1.38: Results

3.0e+01

—26

[24
22e+01

TempC
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3 Advanced setting up

3.1 Boundary layer insertion

It is always recommended to have a layer of prisms close to walls so that the boundary layer could be

more precisely reproduced.

A - B

Figure 11.39: Schematic view of boundary layer insertion

code_saturne offers the possibility to insert boundary layer in your mesh. This functionnality is not
available through the GUI (for now). It is necessary to add a user source file in the SRC folder of

your case.

To do so :

e Click on the icon "Manage the SRC foler” .

e Double click on the "REFERENCE?” file and right click on the file cs_user_mesh.c file.

e Click on ”Copy to SRC file”

You should now have the following (empty) file in the SRC folder of your case :

File Edit Tools Window Help

O

B 5

CASEL: setup.xml - code_saturne

Editor: cs_user_mesh.c

~ [ calculat

~ 7} Mesh

¥ o Calcula

~ & Volume

~ 1§} Bounda|

[ Couplin

* A Numeri

4% Perform

[0) Note

(L) Prep
(11 Volu
[ Bou

[0} Turb]
[} Ther
[} Bodh
[ spe

3 all_c

[ main
[ side
s outl
s wall

[ Start

[ Equ
7 Postpra|
12 Addi
[ Time|
L4 Volu
(L) surf
4 Profi
[ s Bala

Fie
x>0k

User files

B cs_user mesh.c

Reference

» ] REFERENCE

» [ EXAMPLES_neptune_cfd
b ] EXAMPLES

e pre-processor

/* code_saturne version 7.2-alpha */

is part of Code saturne, a general-purpose CFD tool.

(c) 1995-2022 EBF 5.A.

37 finclude 'cs_defs.hi
38

Figure 11.40

: Open the reference cs_user mesh.c file
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You can then open the cs_user mesh-modify.c file in the EXAMPLES file and look for the snippet
of code that will insert the boundary layer. We propose here the following code to add in the the
cs_user_mesh modify subroutine :

int n_zones = 1;

const char xsel_criteria[] = {"walls” };
const int zone_layers[] = {4};

const double zone_thickness[] = {—1};
const float zone_expansion[] = {0.8};

cs-mesh_extrude_face_info_t *efi = cs_mesh_extrude_face_info_create (mesh);

cs_-lnum_t n_faces;
cs_.lnum_t xface_list;

BFTMALLOC( face-list , mesh—>n_b_faces, cs_-lnum_t);

for (int z_.id = 0; z_-id < n_zones; z_id++) {

cs_selector_get_b_face_list (sel_criteria[z-id], &n_faces, face_list);

cs-mesh_extrude_set_info_by_zone (efi,

}

zone_layers [z_id ],
zone_thickness[z_id],
zone_expansion [z_-id ],
n_faces ,

face_list);

BFTFREE( face_list);

/* Determine vertex values for extrusion x/

cs_mesh_extrude_vectors_.t *e = cs_mesh_extrude_vectors_create (efi);

/* Insert boundary layer x*/

cs-mesh_extrude_face_info_destroy(&efi);

cs-mesh_boundary_layer_insert (mesh, e, 0.2, false, 0, NULL);

cs-mesh_extrude_vectors_destroy(&e);

The initial mesh will have 4 layers inserted close to the "walls” boundary faces. We let code_saturne
compute its thickness by setting the thickness to -1. If you want to visualize your mesh, you can change
the execution mode to ”Mesh preprocessing only” and run your case.

Figure 11.41: Mesh with boundary layers
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3.2 Restarting from the previous computation

Move to the Time settings menu and switch the stopping criterion from ”Number of time
steps” to ” Additional time steps” and set it to 200.

Time step option | Steady (local time step) -

Velocity-Pressure algorithm | SIMPLEC -

Reference time step 0.1 s
Maximal CFL number 1.0

Maximal Fourier number ~ |10.0

Minimal time step factor 0.1

Maximal time step factor | 1000.0

Time step maximal variation 0.1

Stopping criterion | Additional time steps ~ | 200

Figure I1.42: Set 200 additional time steps

Under the Time settings menu, you will find the Start/Restart item. Switch the restart to On and
in the ” Checkpoint directory” item, select the checkpoint folder from your previous computation.

Click on ”Different mesh” and select the file mesh_input.csm which is located inside the checkpoint
folder from your previous computation.

Note that we make here a restart from a mesh which is different from the current mesh
(since we added boundary layer). code_saturne offers this possibility.

Checkpoint/Restart

Restart from checkpoint () off (¢ en () automatic

Checkpoint directory RESUf20220301-1901/checkpoint B

V| Different mesh RESL/20220301-1901/checkpoint/mesh_input.csm

Calculation on frozen dynamic (velocity. pressure and turbulence)

Advanced options | 3

Figure 11.43: Select the checkpoint folder from your previous computation

Running the computation

Run the computation on 4 to 6 processes.

Velocity X
2901 02 0.1 0 0.1 0.2 03 04 5.2e01

Figure 11.44: Results
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TempC
2.0e+01 22 24 26 28 3.0e+01

PR

TempC
20e+01 22 24 26 28 3.0e+01
| |

Figure 11.45: Results

3.3 Local mesh refinement

We now want to refine the mesh around the T junction. This can be done through the use of user
sources. You can then open the cs_user mesh-modify.c file in the EXAMPLES file and look for the
snippet of code that will locally refine the mesh. We copy here the example code to add in the the
cs_user_mesh modify subroutine AFTER the boundary layer insertion from the previous subsection:

// .... HERE IS THE BOUNDARY LAYER INSERTION

// FROM PREVIOUS SUBSECTION
{
// Here we specify the box in which we want to perform a refinement
const char criteria[] = "box[—0.2, —0.1, —0.2, 0.2, 0.2, 0.15]7;
cs_-lnum_t n_selected_cells = 0;

cs_lnum_t x*selected_cells = NULL;
BFT MALLOC(selected_cells , mesh—>n_cells , cs_lnum_t);

cs-_selector_get_cell_list (criteria ,
&n_selected_cells ,
selected_cells);

cs-mesh_refine_simple_selected (mesh,
true, /* conforming or not x*/
n_selected_cells ,
selected_cells);

BFTFREE(selected_cells);

If you want to visulaize your mesh, you can change the execution mode to "Mesh preprocessing only”
and run your case.




EDF R&D

code_saturne version 8.0 tutorial:
T-junction Flow

code_saturne
documentation
Page 29/29

v
<SS
Y vaVAN]

A«

N VR <>

SOV SRS

§""4$%4$A‘ <
\N As'm:f /

!
o

LN
\ AN
£

vy,

/]
A

Figure 11.46: Mesh with boundary layers

3.4 Restarting from the previous computation (again)

Move to the Time settings menu and in the Start/Restart item, make the computation restart
from the previous computation (with boundary layers).

Run the computation on 4 to 6 processes.

22 24 26 28  3.0e+01

| " oe—

Figure 11.47: Results
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