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1 Introduction

Code_Saturne is a system designed to solve the Navier-Stokes equations in the cases of 2D, 2D ax-
isymmetric or 3D flows. Its main module is designed for the simulation of flows which may be steady
or unsteady, laminar or turbulent, incompressible or potentially dilatable, isothermal or not. Scalars
and turbulent fluctuations of scalars can be taken into account. The code includes specific modules,
referred to as “specific physics”, for the treatment of lagrangian particle tracking, semi-transparent
radiative transfer, gas, pulverized coal and heavy fuel oil combustion, electricity effects (Joule effect
and electric arcs) and compressible flows. Code_Saturne relies on a finite volume discretization and
allows the use of various mesh types which may be hybrid (containing several kinds of elements) and
may have structural non-conformities (hanging nodes).

The present document is a tutorial for Code_Saturne version 3.0.5. It presents five simple test cases
and guides the future Code_Saturne user step by step into the preparation and the computation of the
cases.

The test case directories, containing the necessary meshes and data are available in the examples
directory.

This tutorial focuses on the procedure and the preparation of the Code_Saturne computations. For
more elements on the structure of the code and the definition of the different variables, it is higly
recommended to refer to the user manual.

Code_Saturne is free software; you can redistribute it and/or modify it under the terms of the GNU
General Public License as published by the Free Software Foundation; either version 2 of the License,
or (at your option) any later version. Code_Saturne is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or
FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License for more details.
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1 General description

The first thing to do before running Code_Saturne is to prepare the computation directories. In this
first example, the study directory T_junction/ will be created, containing a single calculation sub-
directory casel. This is done by typing the command:

$ code_saturne create -s T_junction -c casel

The mesh files should be copied in the directory MESH/ as below:

$ cd T_junction/MESH/
$ cp ITECH.CS_training 2012/meshes/1-simple_junction/downcomer.des .

The Code_Saturne Graphic User Interface (GUI) is launched by typing the following command lines:

$ cd T_junction/casel/DATA
$ ./SaturneGUI &

1.1 Obijective

The aim of this case is to train the user of Code_Saturne on an oversimplified 2D junction including an
inlet, an outlet, walls and symmetries.

1.2 Description of the configuration

The configuration is two-dimensional.

It consists of a simple junction as shown on figure II.1. The flow enters through a hot inlet into a cold
environment and exits as indicated on the same figure. This geometry can be considered as a very
rough approximation of the cold branch and the downcomer of the vessel in a nuclear pressurized water
reactor. The effect of temperature on the fluid density is not taken into account in this first example.

0.1

—-:—:—-— Y
§ )
“\ [ inlet
2.0
-------------------- - 0 :—
Downcomer Frame
outlet

Figure II.1: Geometry of the downcomer
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1.3 Characteristics

Characteristics of the geometry and the flow:

Height of downcomer H=3.00m
Thickness of downcomer E;=0.10m
Diameter of the cold branch | Dy = 0.50 m
Inlet velocity of fluid V=1m.s!

Physical characteristics of fluid:

The initial water temperature in the domain is equal to 20°C. The inlet temperature of water in the
cold branch is 300°C. Water characteristics are considered constant and their values taken at 300°C
and 150 x 10° Pa:

density: p = 725.735 kg.m ™3

e dynamic viscosity: p = 0.895 x 107% kg.m~1.s7! = 8.951 x 107° Pa.s
specific heat: C), = 5483 JkgteC™!
Thermal Conductivity = 0.02495 W.m ™1 K1

1.4 Mesh characteristics

Figure I1.2 shows a global view of the downcomer mesh. This two-dimensional mesh is composed of
700 cells, which is very small compared to those used in real studies. This is a deliberate choice so
that tutorial calculations run fast.

Zoom

inlet

Figure I1.2: Geometry of the downcomer

Note that here the case is two-dimensional but Code_Saturne always operates on three-dimensional
mesh elements (cells). The present mesh is composed of a layer of hexahedrons created from the 2D
mesh shown on figure I1.2 by extrusion (elevation) in the z direction. The virtual planes parallel to
Oxy will have “sliding” (“symmetry”) conditions to account for the two-dimensional character of the
configuration.

Type: structured mesh
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Coordinates system: cartesian, origin on the edge of the main pipe at the outlet level, on the nozzle
side (figure I1.1)

Mesh generator used: SIMAIL

Color definition: see figure I1.3. To specifiy boundary conditions on the boundary faces of the
mesh, the latter have to be identified. It is commonly done by assigning an integer to each of them,
characteristic of the boundary region they belong to. This integer is refered to as ”color” or ”reference”.

7
4
3
1 8/9
2
[§)
4

o

Figure I1.3: Colors of the boundary faces

2 CASE 1: Basic calculation
2.1 Calculation options

Most of the options used in this calculation are default options of Code_Saturne.

— Flow type: steady flow
— Turbulence model: k — ¢
— Scalar(s): 1 - temperature

— Physical properties: uniform and constant

2.2 Initial and boundary conditions

— Initialization: none (default values)

The boundary conditions are defined as follows:

e Flow inlet: Dirichlet condition, an inlet velocity of 1 m.s~! and an inlet temperature of 300°C
are imposed

e Outlet: default values

e Walls: default values
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Figure II1.3 shows the colors used for boundary conditions and table II.1 defines the correspondance
between the colors and the type of boundary condition to use.

Do not forget to enter the value of the hydraulic diameter, adapted to the current inlet (used for
turbulence entry conditions).

Colors | Conditions
1 Inlet
5 Outlet
23467 Wall
89 Symmetry

Table II.1: Boundary conditions and associated references

2.3 Parameters and User routines

All parameters necessary to this study can be defined through the Graphical Interface without using
any user Fortran files.

Calculation control parameters
Pressure-Velocity coupling SIMPLE algorithm
Number of iterations 30
Relaxation coefficient 0.9
Output period for post-processing files 1

2.4 Results

Figure I1.4 presents the results obtained at different iterations in the calculation. They were plotted
from the post-processing files, with EnSight.

Note: since the “steady flow” option has been chosen, the evolution of the flow iteration after iteration
has no physical meaning. It is merely an indication of the rapidity of convergence towards the (physical)
steady state.
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iteration = 1

4
|

iteration = 29

i
f

Temperature (C)

Figure 11.4: Water velocity field colored by temperature at different time steps




Part 111

Full domain



EDF R&D

Code_Saturne version 3.0.5 tutorial

Code_Saturne
documentation

Page 14/159

1 General description
1.1 Obijective

This aim of this case is to tackle the merging of initially separate meshes into a single fluid domain.
The questions of mesh joining and hanging nodes will be addressed. The test case will then be used
to present more complex calculations, with time dependent variables and Fortran user routines.

1.2 Description of the configuration

The fluid domain is composed of three separate meshes, very roughly representing elements of a nuclear
pressurized water reactor vessel:

e the downcomer

e the vessel’s bottom

e the lower core plate and core

Figure III.1 represents the complete domain.

to the right vertical outlet.

Downcomer

% Vessel's - -

= bottom 5 inlet

3539 Lower core enmlanss

Q& plate and

X5 core

%

o%
X

3z

RX

XX
s

outlet

== 1.0

1.0

Domain

‘ : Frame
Dimensions

Figure III.1: Geometry of the complete domain

1.3 Characteristics

The characteristics of the geometry and the flow are:

Height of downcomer H =3.00m
Thickness of downcomer E;=0.10m
Diameter of the inlet cold branch Dy =0.50m
Height of vessel’s bottom Hi.=1.00m
Width of vessel’s bottom lfe =1.00 m
Height of core above the lower core plate | Hy;c = 1.00 m
Width of core above the lower core plate | ;. = 0.50 m
Inlet velocity of fluid V=1m.s!

The flow circulates from the top left horizontal junction
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Physical characteristics of fluid:

The initial water temperature in the domain is equal to 20°C. The inlet temperature of water in the
cold branch is 300°C. Water characteristics are considered constant! and their values taken at 300°C
and 150 x 10° Pa, except density which is considered variable in cases 3 and 4:

density: p = 725.735 kg.m ™3

e dynamic viscosity: p = 0.895 x 10~ kg.m~t.s7! =8.951 x 107° Pa.s
heat capacity: C}, = 5483 Jkg~teCc™!

e Thermal Conductivity = 0.02495 W.m 1. K—!

1.4 Mesh characteristics

Figure II1.2 shows a global view of the mesh and some details of the joining zones, to show that
Code_Saturne can deal with hanging nodes. This mesh is composed of 1650 cells, which is very small
compared to those used in real studies. This is a deliberate choice so that tutorial calculations run
fast.

—

Figure II1.2: View of the full domain mesh with zoom on the joining regions

Type: block structured mesh

Coordinates system: cartesian, origin on the edge of the main pipe at the outlet level, on the nozzle
side (figure I11.2)

Mesh generator used: SIMAIL and mesh joining with the Preprocessor of Code_Saturne (in order
to deal with hanging nodes)

Color definition: see figure I11.3

1.5 Summary of the different calculations

Three cases will be studied with this geometry. The following table gives a summary of their different
characteristics.

Lwhich makes temperature a passive scalar ... but it is only for simplification purposes
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7
h
3
1 8/9
2
34
6
4
38/39
31 33
i 3
5 2
28/29
21 %
2
Figure II1.3: Colors of the boundary faces
CASE characteristics
CASE 2| unsteady flow, additionnal passive scalar, output management
CASE 3 same as case 2 with time dependent boundary conditions,
fluid density depending on the temperature and calculation restart
CASE 4| same as case 3 with head losses, parallelism and spatial average

Remark: In this case, you must add three meshes which have to be joined. In order to join the
three meshes, you must add a selection criteria in the box Selection criteria. In this case, only faces
of colors 5, 24 and 32 are liable to be joined (different colors can be entered on a single line, separated

by comma).

You can verify the quality of your mesh in Mesh quality criteria.

2 CASE 2: Passive scalar with various boundary condi-

tions and output management

2.1 Calculation options

Some options are similar to case 1:

— Turbulence model: k& — €

— Scalar(s): 1 - temperature

— Physical properties: uniform and constant

The new options are:

— Flow type: unsteady flow

— Time step: uniform and constant

— Scalar(s): 2 - passive scalar?

— Management of monitoring points

2could correspond to a tracer concentration for instance
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2.2 Initial and boundary conditions

— Initialization: 20°C for temperature (default value)
10 for the passive scalar

The boundary conditions are defined in the user interface and depend on the boundary zone.

e Flow inlet: Dirichlet condition, an inlet velocity of 1 m.s™!

an inlet value of 200 for the passive scalar are imposed

, an inlet temperature of 300°C and

o Outlet: default value

e Walls: velocity, pressure and thermal scalar: default value
passive scalar: different conditions depending on the color and geometric parameters

In order to test the ability to specify boundary condition regions in the Graphical Interface, various
conditions will be imposed for the passive scalar, as specified in the following table:

Wall | Nature |Value
wall_1 | Dirichlet| 0
wall_2 | Dirichlet 5
wall_3 | Dirichlet | 0
wall_4 | Dirichlet | 25
wall_5 | Dirichlet | 320
wall_6 | Dirichlet | 40

The “wall_1” to “wall_6” regions are defined as follows, through color references and geometric local-
ization:

] Label \Color and geometric parameters‘

wall_1 24 and 0.1 <z and z < 0.5
wall_2 2or3

wall_3 4 or 7 or 21 or 22 or 23
wall_4 6and y > 1

wall_5 6 and y <1

wall_6 31 or 33

Figure II1.3 shows the colors used for boundary conditions and table II1.1 defines the correspondance
between the colors and the type of boundary condition to use.

Colors Conditions
1 Inlet
34 Outlet
2346721222324 3133 Wall
8 9 28 29 38 39 Symmetry

Table III.1: Boundary faces colors and associated references

2.3 Parameters and User routines

All parameters necessary to this study can be defined through the Graphical Interface without using
any user Fortran files.
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Calculation control parameters
Pressure-Velocity coupling SIMPLEC algorithm
Number of iterations 300
Reference time step 0.05
Output period for post-processing files 2

2.4 Output management

In this case, different aspects of output management will be addressed.

By default in the Graphical Interface, all variables are set to appear in the listing, the post-processing
and the chronological records. This default choice can be modified by the user.

In this case, the Pressure, the Tubulent energy and the Dissipation will be removed from the listing
file.

The Courant number (CFL) and Fourier number will be removed from the post-processing results®.

Eventually, probes will be defined for chronological records, following the data given in figure I11.4.
Then the total pressure will be deactivated for all probes and the Velocity U will only be activated on
probes 1, 2, 6, 7 and 8.

. \Downcomer
3
Vessel's
%‘2 % bottom Probe n°.|x (m) |y (m)|z (m)
Core 1 -0.25 | 2.25 0
2 0.05 | 2.25 0
3 0.05 | 2.75 0
4 0.05 | 0.5 0
5 0.05 | -0.25 0
4 8 6 0.75 | -0.25| 0
< 7 0.75 | 0.25 0
8 0.75 | 0.75 0

-

Figure II1.4: Position and coordinates of probes in the full domain

In addition the domain boundary will be post-processed. This allows to check the boundary conditions,
and especially that of the passive scalar.

2.5 Results

Figure II1.5 shows the boundary domain colored by the passive scalar boundary conditions. The
different regions of boundary conditions defined earlier can be checked.

Figure II1.6 presents results obtained at different times of the calculation. They were plotted from the
post-processing files, with EnSight.

3this can be very useful to save some disk space if some variables are of no interest, as post-processing files can be
large
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Figure II1.5: View of the boundary domain colored by the scalar_2 variable - Case 2
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t=0.1s

Temp.C
3.000¢+02
2.300e+02
1.600e+02
9.000e+01
2,000e+01

Temp.C
30006402
2.300c+02
1.600e+02
9.000e+01
2.000e+01

Temp.C
3.000c+02
2.300e+02
1.6000+02
9.000e+01
2.000e+01

Figure I11.6: Water velocity field colored by temperature at different time steps - Case 2
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3 CASE 3: Time dependent boundary conditions and vari-
able fluid density

In this case some boundary conditions will be time dependent and some physical characteristics of the

fluid will be dependent on the temperature.

Remark: You can copy your case2 in order to make the case3:

$ code_saturne create --copy-from case2 case3

3.1 Calculation options

The options for this case are the same as in case2, except for the variable fluid density:

Flow type: unsteady flow
Time step: uniform and constant

Turbulence model: k£ — €

Lol

Scalar(s): 1 - temperature
2 - passive scalar

1

Physical properties: uniform and constant (except density)

1

Management of monitoring points

3.2 Initial and boundary conditions

— Initialization: 20°C for temperature (default value)
10 for the passive scalar

The boundary conditions are defined in the user interface and depend on the boundary zone. The
time dependence of the temperature boundary condition implies the use of a Fortran user routine (see
below).

o Flow inlet: Dirichlet condition, an inlet velocity of 1 m.s™!, a time dependent inlet temperature
and a value of 200 for the passive scalar are imposed

e Outlet: default value

e Walls: velocity, pressure and thermal scalar: default value

passive scalar: different conditions depending on the color and geometric parameters

The boundary conditions for the passive scalar are identical as in case 2, as specified in the following
table:

Wall | Nature | Value
wall_1 | Dirichlet 0
wall_2 | Dirichlet| 5
wall_3 | Dirichlet| 0
wall_4 | Dirichlet | 25
wall_5 | Dirichlet | 320
wall_6 | Dirichlet | 40
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The “wall_1” to “wall_6” regions are defined as follows, through color references and geometric local-
ization:

’ Label \Color and geometric parameters

wall_1 24 and 0.1 <z and = < 0.5
wall_2 2 or 3

wall_3 4 or 7 or 21 or 22 or 23
wall 4 6andy >1

wall_5 6 and y <1

wall_6 31 or 33

Figure II1.3 shows the colors used for boundary conditions and table II1.2 defines the correspondance
between the colors and the type of boundary condition to use.

Colors Conditions
1 Inlet
34 Outlet
234672122233133 Wall
24 for 0.1 < x <0.5 Wall
89 28 29 38 39 Symmetry

Table III.2: Boundary faces colors and associated references

3.3 Variable Density

In this case the density is a function of temperature, the variation law is defined in the Graphical User
Interface although it can also be defined in a Fortran user routine. The expression is:

p=T.(AT+B)+C (IIL.1)

where p is the density, T is the temperature, A = —4.0668 x 1073, B = —5.0754 x 10~2 and C = 1 000.9

In order for the variable density to have an effect on the flow, gravity must be set to a non-zero value.
g= —9.81Qy will be specified in the Graphical Interface.

Remark:
The temperature is “TempC” is the user expression if the temperature is in Celsius. Don’t forget *;”
at the end of the expression.

3.4 Parameters

All the parameters necessary to this study can be defined through the Graphical Interface, except the
time dependent boundary conditions that have to be specified in user routines.

Parameters of calculation control
Number of iterations 300
Reference time step 0.05
Output period for post-processing files| 2

In order to join the separate meshes into a single domain, colors 5, 24 and 32 will have to be joined
through the Graphical Interface.
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3.5 User routine

The following routine has to be copied from the folder SRC/REFERENCE /base into the folder SRC*:
cs_user_boundary_conditions.f90.

cs_user_boundary_conditions.f90

This routine allows to define advanced boundary conditions on the boundary faces.

Even if cs_user_boundary_conditions.f90 is used, all boundary conditions have to be defined in the
Graphical User Interface. Only the conditions that differ from this first definition need to appear in
cs_user_boundary_conditions.f90. The boundary conditions defined in cs_user_boundary_conditions.£90
will replace those specified in the Graphical Interface.

In this case, the temperature at entry is supposed variable in time, following the law:

_ <t<3.
{T 20+ 100t for 0 <t < 3.8 (I11.2)

T = 400 fort > 3.8

where T is the temperature in °C and ¢ is the time in second (s).

400 T T T T 7T T T L —— ——
375
350

—— Probe 9 (on the inlet)

T T S T
9 10 1L 12 13 14

—_
W

Figure II1.7: Time evolution of the temperature at inlet.

Remark:
ttcabs is the current physical time. See the example file in the subdirectory SRC/EXAMPLES for the
complete cs_user_boundary_conditions.f90 file.

3.6 Output management
The output management is the same as in case2, except that a nineth monitoring point will be added,
just at the entry, to monitor the temperature evolution at inlet.

In this case, the Pressure, the Tubulent Energy and the Dissipation will be removed from the listing
file.

The Courant number (CFL) and Fourier number will be removed from the post-processing results®.

Eventually, probes will be defined for chronological records, following the data given in figure II1.4.
Then the total_pressure will be deactivated from all probes and the Velocity U will be only activated
on probes 1, 2, 6, 7 and 8.

4only when it appears in the SRC directory will it be taken into account by the code
S5this can be very useful to save some disk space if some variables are of no interest, as post-processing files can be
large
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Figure II1.8: Position and coordinates of probes in the full domain

In addition the domain boundary will be post-processed. This allows to check the boundary conditions,
and especially that of the temperature and passive scalar.

3.7 Calculation restart

After the first run, the calculation will be continued for another 400 time steps. The calculation restart
is managed through the Graphical Interface.

3.8 Results

Figure III.9 shows the time evolution of temperature recorded on each monitoring probe. Figure

Temperature (°C)

400~ R R e e o

— Probe 1
— Probe 2
Probe 3
— Probe 4
Probe 5
Probe 6
Probe 7
— Probe 8
Probe 9

0 I | I | I |

0 10 20 30
Time (s)

Figure II1.9: Time evolution of temperature at monitoring probes for case 3

II1.10 shows the velocity fields colored by temperature in the first run of calculation. Figure IIT.11
shows the velocity fields in the second calculation (restart of the first one).
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Figure II1.10: Water velocity field colored by temperature and inlet temperature value at different

time steps (first calculation)




Code_Saturne

EDF R&D Code_Saturne version 3.0.5 tutorial documentation
Page 26/159

Figure III.11: Water velocity field colored by temperature and inlet temperature value at different
time steps (second calculation)
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4 CASE 4: Head losses, parallelism and spatial average

This case will be run in parallel on two processors. Head losses will be used to simulate the presence
of an obstacle in the flow and the spatial average of the temperature will be calculated at each time
step.

4.1 Calculation options

The options for this case are the same as in case 3:

Flow type: unsteady flow
Time step: uniform and constant

Turbulence model: k£ — €

Lo L

Scalar(s): 1 - temperature
2 - passive scalar

1

Physical properties: uniform and constant (except density)

1

Management of monitoring points

4.2 Initial and boundary conditions

— Initialization: 20°C for temperature (default value)
10 for the passive scalar

The boundary conditions are defined in the user interface and depend on the boundary zone.

e Flow inlet: Dirichlet condition, an inlet velocity of 1 m.s~! and a time dependent inlet tem-
perature are imposed

e Outlet: default value

e Walls: velocity, pressure and thermal scalar: default value

passive scalar: different conditions depending on the color and geometric parameters

The boundary conditions for the passive scalar are identical as in case 2, as specified in the following
table:

Wall | Nature | Value
wall_1 | Dirichlet| 0
wall_2 | Dirichlet| 5
wall_3 | Dirichlet| 0
wall_4 | Dirichlet | 25
wall_5 | Dirichlet | 320
wall_6 | Dirichlet | 40

The “wall_1” to “wall_6” regions are defined as follows, through color references and geometric local-
ization:
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’ Label \Color and geometric parameters‘

wall_1 24 and 0.1 <z and x < 0.5
wall_2 2or3

wall_3 4 or 7 or 21 or 22 or 23
wall 4 6and y > 1

wall_5 6and y <1

wall_6 31 or 33

Figure II1.3 shows the colors used for boundary conditions and table II1.3 defines the correspondance
between the colors and the type of boundary condition to use.

Colors Conditions
1 Inlet
34 Outlet
234672122233133 Wall
24 for 0.1 <2 <0.5 Wall
892829 38 39 Symmetry

Table II1.3: Boundary faces colors and associated references

4.3 Variable Density

In this case the density is a function of temperature, the variation law is defined in the Graphical User
Interface although it can also be defined in a Fortran user routine. The expression is:

p=T.(AT+B)+C (I11.3)

where p is the density, T is the temperature, A = —4.0668 x 1072, B = —5.0754x 1072 and C = 1 000.9

In order for the variable density to have an effect on the flow, gravity must be set to a non-zero value.
g = —9.81¢, will be specified in the Graphical Interface.

4.4 Head losses

To simulate the presence of an obstacle 0.20 (m) large and 0.5 (m) high in the vessel, a zone of head
losses will be created in the domain (fig I11.12).

The head losses zone is located between the coordinates x = 0.2 (m) and z = 0.4 (m), and y = —0.75
(m) and y = —0.25 (m).

The head losses coefficient to apply is K;; = 10* = % a;; and is isotropic.

4.5 Parameters

All the parameters necessary to this study can be defined through the Graphical Interface. However,
the calculation of the spatial average is defined by a user routine.

Parameters of calculation control
Number of iterations 900
Reference time step 0.01
Output period for post-processing files 2
The calculation will be run in parallel |2 procs.




Code_Saturne

EDF R&D Code_Saturne version 3.0.5 tutorial documentation
Page 29/159

%Downcomer L e

2] Vessel's 0.5 : 05

S Abottom | e : o
SR | Lower core 0.5 o
503500 b
£ plat o o

ate and
oot (F;)ore

= = V23— e
/2//// :i 0 X
e 1.0 i I
=
.,
Domain M2
L Frame
Obstacle

Figure I11.12: Full domain geometry with the obstacle

In order to join the separate meshes into a single domain, colors 5, 24 and 32 will have to be joined
through the Graphical Interface.

Note that the time step has been reduced because of the head losses: the pressure step is more difficult
to be solved in presence of head losses.

4.6 User routines

The following routines have to be copied from the folder SRC/REFERENCE/ into the folder
SRC/®: cs_user boundary conditions.f90 and cs_ user_extra operations.f90. We can find and
copy some basic and specific boundary conditions examples in the folder SRC/EXAMPLES/ to
correctly impose the Code_Saturne boundary conditions.

e cs_user_boundary_conditions.f90
This routine allows to define advanced boundary conditions on the boundary faces.

Even if cs_user_boundary_conditions.f90 is used, all boundary conditions have to be defined in the
Graphical User Interface (GUI). Only the conditions that differ from this first definition need to appear
in cs_user_boundary_conditions.f90. The boundary conditions defined in cs_user_boundary_conditions.f90
will replace those specified in the Graphical Interface.

In this case, the temperature at entry is supposed variable in time, following the law:

{ T =20+ 100t for 0 <t < 3.8 (IIL.4)

T =400 for t > 3.8

where T is the temperature in °C and ¢ is the time in s.

e cs_user_extra_operations.f90

This routine is called at the end of each time step and has access to the whole set of variables of the
code. It is therefore useful for many user-specific post-processing, including the calculation of a spatial
average in the present case.

The spatial average of the temperature will be calculated at each time step and the result wrote in

Sonly when they appear in the SRC directory will they be taken into account by the code.
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a file named

temperature.

Beware when calculating the average. Since the calculation is running in parallel, computing the sum
of the temperatures on “all the cells” will only yield for each processor the sum on the cells managed
by this processor. In order to obtain the full sum, the parallelism routine parsom must be used (see

400 ' ' : :

375
350
325
300
275
' 250
g 225
g 200
g 175
o
=150

—— Probe 9 (on the inlet)

|
9

1w 1 12

13 14

—_
W

Figure I11.13: Time evolution of the temperature at inlet

‘‘moy.dat’’. The values are saved in order to draw the time evolution of the average

example in the cs_user_extra_operations-parallel_operations.f90 routine).

Remark: cs_user_extra operations-xxx.f90 are different example routines present in the subdi-

rectory SRC/EXAMPLES. They should be removed from the SRC/ before running the case.

4.7 Output management

The output management is the same as in case 3.

In this case, the Pressure, the Tubulent Energy and the Dissipation will be removed from the listing

file.

Downcomer
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w
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»
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Points | X(m) | Y(m) | Z(m)
1 -0.25 | 2.25 0
2 0.05|225| 0
3 0.05|275] 0
4 0.05 | 0.5 0
5 0.05 |-0.25| 0
6 0.75 |-025| 0
7 0751025 | 0
8 0.75 | 0.75 0
9 -05 225 | 0

Figure II1.14: Position and coordinates of probes in the full domain
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The Courant number (CFL) and Fourier number will be removed from the post-processing results”.

Eventually, probes will be defined for chronological records, following the data given in figure I11.4.
Then the total pressure will be deactivated from all probes and the Velocity U will be only activated
on probes 1, 2, 6, 7 and 8.

In addition the domain boundary will be post-processed. This allows to check the boundary conditions,
and especially that of the temperature and passive scalar.

4.8 Results

Figure II1.15 shows the evolution of the spatial average of the temperature.

400

Temperature spatial mean (°C)
2 w
E 2

2

Time (s)

Figure II1.15: Evolution of spatial average of the temperature as a function of time

Figure IT1.16 shows velocity fields colored by temperature. The effect of the head loss modeling the
obstacle is clearly visible.

"this can be very useful to save some disk space if some variables are of no interest, as post-processing files can be
large
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Figure II1.16: Water velocity field colored by temperature




Part 1V

Stratified junction
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1 General description
1.1 Obijective

The aim of this case is to train the Code_Saturne user on a simplified but real 3D computation. It
corresponds to a stratified flow in a T-junction. The test case will be used to present some advanced
post-processing techniques.

1.2 Description of the configuration

The configuration is based on a real mock-up designed to characterize thermal stratification phenomena
and associated fluctuations. The geometry is shown on figure V.1.

R=61

SUPERNIMBUS model (dimensions mm)_[_ />

¢ : inner diameter R=600
"

_____________________________________________________________

R=600

i Gravityl

1400 ¢ 400

6000

i
:
:
'
] i

! 4000 | 1200
! '

outletl cold inIetT hot inIetT

Figure IV.1: Geometry of the case

There are two inlets, a hot one in the main pipe and a cold one in the vertical nozzle. The volumic
flow rate is identical in both inlets. It is chosen small enough so that gravity effects are important with
respect to inertia forces. Therefore cold water creeps backwards from the nozzle towards the elbow
until the flow reaches a stable stratified state.

1.3 Characteristics

Characteristics of the geometry:

’Diameter of the pipe \ D, =0.40 m‘

Characteristics of flow:

Cold branch volume flow rate | Dvy, =4 1.s™1
Hot branch volume flow rate | Dvp, =4 1.s~ 1
Cold branch temperature T, = 18.26°C
Hot branch temperature Thy = 38.5°C

The initial water temperature in the domain is equal to 38.5°C.

Water specific heat and thermal conductivity are considered constant and calculated at 18.26°C and
105 Pa:

e heat capacity: C, = 4,182.88 J.kg~1.°cC™!
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e thermal conductivity: A = 0.601498 W.m~1.°C~!

The water density and dynamic viscosity are variable with the temperature. The functions are given
below.

1.4 Mesh characteristics

The mesh used in the actual study had 125000 elements. It has been coarsened for this example in
order for calculations to run faster. The mesh used here contains 16 320 elements.

Type: unstructured mesh

Coordinates system: cartesian, origin on the middle of the horizontal pipe at the intersection with
the nozzle.

Mesh generator used: SIMAIL
Color definition: see figure V.3.

w

Figure IV.2: Colors of the boundary faces

2 CASE 5: Stratified junction

In this case, advanced post-processing features will be used. A specific pos-processing sub-mesh will
be created, containing all the cells with a temperature lower than 21°C, so that it can be visualized
(with EnSight for instance). The variable “temperature” will be post-processed on this sub-mesh. A
2D clip plane will also be extracted along the symmetry plane of the domain and temperature will be
written on it.

2.1 Calculation options

The following options are considered for the case:

Flow type: unsteady flow
Time step: variable in time and uniform in space
Turbulence model: k — ¢

Scalar(s): temperature

Ll

Physical properties: uniform and constant for specific heat and thermal conductivity and variable
for density and dynamic viscosity

— Pressure interpolation in stratified flows : improved
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Colors | Conditions
2 Cold inlet

6 Hot inlet
7 Outlet
5 Wall

Table IV.1: Boundary faces colors and associated references

2.2 Initial and boundary conditions

— Initialization: temperature initialization at 38.5°C
The boundary conditions are defined as follows:

e Flow inlet: Dirichlet condition

— velocity of 0.03183 m.s~! for both inlets
— temperature of 38.5°C for the hot inlet
— temperature of 18.6°C for the cold inlet

e Outlet: default value
e Walls: default value

Figure V.3 shows the colors used for boundary conditions and table IV.1 defines the correspondance
between the colors and the type of boundary condition to use.

2.3 Variable density and dynamic viscosity

In this case the density and the dynamic are functions of the temperature, the following variation laws
are specified in the Graphical User Interface:

p=T(AT+B)+C (IV.1)

where p is the density, 7T is the temperature, A = —4.0668 x 1073, B = —5.0754 x 10~2 and C' = 1 000.9

For the dynamic viscosity, the variation law is:

p=T.(T.(AM.T + BM) + CM) + DM (IV.2)

where 4 is the dynamic viscosity, T is the temperature, AM = —3.4016 x 107, BM = 6.2332 x 107,
CM = —4.5577 x 107® and DM = 1.6935 x 103

In order for the variable density to have an effect on the flow, gravity must be set to a non-zero value.
g = —9.81¢, will be specified in the Graphical Interface.

2.4 Parameters

All the parameters necessary to this study can be defined through the Graphical Interface, except the
variable fluid characteristics and the advanced post-processing features that have to be specified in
user routines.
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Parameters of calculation control
Reference time step 1s
Number of iterations 100
Maximal CFL number 20
Maximal Fourier number 60
Minimal time step factor 0.01 s
Maximal time step factor 70 s
Time step maximal variation 0.1
Period of output chronological files| 10

The time step limitation by gravity effects will also be activated.

2.5 Output management

The standard options for output management will be used. Four monitoring points will be created at
the following coordinates:

Points| X(m) Y (m) Z(m)

1 0.010025| 0.01534 [-0.011765
2 1.625 | 0.01534 |-0.031652
3 3.225 | 0.01534 [-0.031652
4 3.8726 [0.047481| 7.25

Two vertical temperature profiles will be extracted, at the following locations:
profill6: = = 1.6 y=0 -0.2<2<0.2 (m)
profil32: z = 3.2 y=0 -0.2<2<0.2 (m)

2.6 User routines

The following filess must to be copied from the folder SRC/REFERENCE/base into the folder SRC':
cs_user_postprocess.c and cs_user_postprocess_var.f90.

In this test case, advanced post-processing features will be used. A clip plane will be created, along the
symmetry plane of the domain, on which the temperature will be written. This plane will be added
to the standard “writer” (i.e. it will be an extra part in the standard RESULTS.case output). The
periodicity of output on the standard writer will be 10 iterations.

An additional writer will also be created, with a periodicity of 5 iterations. It will only contain one
part (i.e. one sub-mesh): the set cells where the temperature is lower than 21°C. The temperature
will be written on this part. The interest of this part is that it is time dependent as for the cells it
contains.

The following user functions and subroutines will be used:

e cs_user_postprocess_meshes (in cs_user_postprocess.c)

This function is called only once, at the beginning of the calculation. It allows to define the different
writers and parts. In this function, adapt the example using the cs_post_define_volume_mesh_by_func,
replacing He_fraction 05 with T_1t_21 (do not forget to set the enclosing test to true). If argument
matching the automatic variables output is set to true, all variables (including temperature) postpro-
cessed on the main output will be added to this one. For finer control, we set it to false here, and
we will use a user-defined output with cs_user_postprocess_var. The associated writer list should
contain writer 1, which may be created either using the GUI, or the cs_user_postprocess_writers (in
the same file). Make sure this writers allows for transient connectivity. The _he_fraction_05_select
near the beginning of the file must also be adapted, renaming it to _t_1t_21_select, and adapting its

Lonly when they appear in the SRC directory will they be taken into account by the code
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contents (mainly calling cs_field_by name on temperature instead of He_fraction, and replacing >
5.e-2 with < 21). This selection function is called automatically at each output time step so as to
update the selected sub-mesh.

e cs_user_postprocess_var.f90
This routine is called at each time step. It allows to specify which variable will be written on which
part (in this case, temperature).

2.7 Results

Figure V.6 shows the evolution of the temperature in the domain at different time steps. The evolution
of the stratification is clearly visible.

Figure V.5 shows the cells where the temperature is lower than 21°C. It is not an isosurface created
from the full domain, but a visualization of the full sub-domain created through the post-processing
routines.




EDF R&D

Code_Saturne version 3.0.5 tutorial

Code_Saturne
documentation
Page 39/159

Temperature

t=17.53s

t=97.63s

Figure IV.3: Evolution of temperature
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Figure IV .4: Sub-domain where the temperature is lower than 21°C (upper figure) and localization in
the full domain (lower figure)




Part V

Three 2D disks
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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 V.1.

Figure V.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
_ 1
P= R, (T +273.15) (V-1)

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 V.3.

Figure V.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 V.3.
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Figure V.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 V.6 shows the evolution of the temperature in the solid domain without conjugate heat
transfer 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 V.4: The temperature evolution in the solid domain without coupling method

Figure V.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 V.6: Evolution of temperature
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1 Solution for case1

The first thing to do before running Code_Saturne is to prepare the computation directories. In this
first example, the study directory “simple_junction” will be created, containing a single calculation
directory casel. This is done by typing the command:

$ code_saturne create -s simple_junction -c casel

The mesh files should be copied in the directory MESH/, as follow:

$ cd simple_junction/MESH/
$ cp ITECH.CS_training 2012/meshes/1-simple_junction/downcomer.des .

The Code_Saturne Graphical User Interface (GUI) is launched by typing the command lines as below:

$ cd simple_junction/casel/DATA
$ ./SaturneGUI &

And the following graphic window opens (fig VI.1).

File Tools Window Help

D& ® 0 B

Welcome to SaturneGuUI

Figure VI.1: Code_Saturne (GUI) graphic window
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Go to the File menu and click on New file to open a new calculation data file. The interface automat-
ically updates the following information:

e Study name
e Case name

e Directory of the case

e Associated sub-directories of the case

File Tools Window Help

DE®»ak H

@@

Study | T_JUNCTION

Case:  [CASEL

XML file: |

|4 Identity and paths
P £ calculation environment
b [ Thermophysical models
b [ Physical properties
b £ volume conditions
P [ Boundary conditions
3 D Numerical parameters
b [ calculation control
b [ calculation management

Directory of the case

fION_SATURNE/NOV201 2/TUTO/T_JUNCTION/CASEL | |’E‘

Associated sub-directories of the case

Data [DATA ]
Results [Resu ]
User subroutines [SRC ]
Running scripts  [SCRIPTS ]

Figure VI.2: Identity and paths
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Save the case to give a name to the new xml file (such as casel.xml) by opening the File menu and
clicking on Save as....

A new window will appear, enter the name of the case in File Name then click on Save.

Remember to save the case regularly throughout the preparation of the calculation.

Hle Tools Window Help

O®® QB

el
Study.  [TJUNCTION ]
case:  [CASEL ]
XML file: [ ]
[E3]

Directory of the case

[} 1dentity and paths

b B calculation environment TION_SATURNE/NOV201 2/TUTO/T JUNCTION/CASEL |
b £ Thermophysical models

P £ Physical properties Associated sub-directories of the case

b £ Volume conditions

b E Boundary conditions ZEtE) DATA

P £ Numerical parameters
P £ calculation control
b £ calculation management User subroutines | SRC

Results RESU

Running seripts | SCRIPTS

ave File As.

Nom [caserxm] ]

Enregistrer dans le dossier : [DD#\TA

o

[ Parcourir d'autres dossiers

Annuler Enregistrer

Figure VI.3: Saving the xml file
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The next step is to specify the mesh(es) to be used for the calculation. Click on the Mesh selection
item under the heading Calculation environment. Click to “4“ to add meshes.

The list of meshes in the folder Meshes appears in the window List of meshes. In this case only the
mesh downcomer.des is needed.

File Tools Window Help

D& >0 E

@®

Study [ T_JUNCTION ]

Case:  [CASEL ]

XML file: [f\o:a\OOIhomEIIQ59SSJFORMATION_SATURNE[NOVZOIZHUTOIT_JUNCTION!CASEL’DATNcasel.xml ]

®
Meshes | Periodic Boundaries ‘

|_u Identity and paths

~ 9 calculation environment Mesh import
Meshes selection @ Import meshes () Use existing mesh input
|4 Mesh quality criteria

b B Thermaphysical models Local mesh directory (optional)
b [ Physical properties
b [ volume conditions [,‘]MESH l '2:}
I £ Boundary conditions
P £ Numerical parameters List of meshes
b [ calculation control
b E calculation management File name Format Reorient Path

downcomer.des Simail/NOPO ]

[+])(=]

Face joining {optional)

Fraction = Plane | Verbosity = Visualization Selection criteria

=
[ subdivide warped faces

[ Mesh smoothing

Figure VI.4: Meshes: list of meshes

The Periodic Boundaries is not used in this case. Keep the default values.
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The Calculation features item under the heading Thermophysical models allows to define the type of
flow to be simulated. In this case, a steady flow will be chosen.

File Tools Window Help

D& ® 0 B

@@

Study [ T_JUNCTION ]

Case;  [CASEL ]

XML file: [f‘uCa‘ﬂﬂfh[lmEle5955,’FDRMAT|DN75ATURNEI‘NOVZDIZITUTO,’TJUNCTlON,’CASEL’DATNCESEl.)(m| ]

[E3]
Steady/Unsteady flow algorithm
| 4 Identity and paths
- Calculation environment lsteady flow s ]
|_| Meshes selection
|4 Mesh quality criteria Eulerian-Lagrangian multi-phase treatment
- Thermophysical models [uﬁ - ]
alculatio ature

|4 Deformable mesh

|4 Turbulence models
|4 Thermal model lof-f o ]
|4 Species transport

Atmospheric flows

P [ Physical properties Gas combustion

b [ Wolume conditions

b [ Boundary conditions [“f'F < ]
b D Numerical parameters

P £ calculation control Pulverized fuel combustion

b £ calculation management

Ioﬁ c]

Electrical models

[off o]

Compressible model

Ioﬁ C]

Figure VI.5: Flow type
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The turbulence model is selected in the following list:
e laminar flow (no model)
e mixing length

o k-c

e k-¢ Linear Production

v2f
k-w

Rij-¢ LLR
Rij- SSG

(¢ model)
SST

Spalart-Allmaras

LES (Smagorinsky)

LES (classical dynamic model)
LES (WALE)

File Tools Window Help

DE®d@Ok H

@@

Study | T_JUNCTION

Case:  [CASEL

XML file: [f\uca\OOIhUmEIIQ5955,'FORMATIONjATURNEINOV20l2!TUTOFUUNCTION!CASEL’DATNCESel.xml

® N
Turbulence model ™Mo model (i.e. laminar flow)

|4 identity and paths Mixing length

- Calculation environment

|| Meshes selection

k-epsilon Linear Production
|4 Mesh quality criteria

- Thermophysical models R‘!'EDS‘I‘}" LR
|| calculation features Rij-epsilon S5G
| | Deformable mesh Rij-epsilon EBRSM
= v2f (phi model)
|_4 Thermal model k-omega 55T

|4 Species transport
[ J Physical properties
[ volume conditions
[ Boundary conditions
[ Numerical parameters LES (WALE]

Spalart-allmaras
LES (Smagorinsky)
LES (classical dynamic model)

[ calculation control

4
4
I
4
4
P £ calculation management

Figure VI.6: Turbulence model: list of models
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In this case, the k-¢ model is used.

File Tools Window Help

IE®> 00

Study.  [TJUNCTION

Case:  [cASEL

XML fle: [focaloof 10N_SATUI 01 2/TUTO/T JUNCTION/CASEL/DATA/cas el xml

— ' ®

®
model

|_4 Identity and paths
+ B9 calculation ervironment k-epsilon <
[} Meshes selection

14 Mesh quallty criteria
= B3 Thermophysical models

[} calculation features

|_) Deformable mesh

Advanced options

urbu od
[ Thermal model
[, species transpart

£ Physical properties

£ volume conditions

£ Boundary conditions

£ Numerical parameters

£ calculation control

£ calculation management

Figure VI.7: Turbulence model: choice of a model
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For this study the equation for temperature must be solved. Click on the Thermal model item to
choose between:

e No thermal scalar

e Temperature (Celsius degrees)
e Temperature (Kelvin)

e Enthalpy

File Tools Window Help
D& ® @ B

i3]
Study | T_JUNCTION ]

Case:  [CASEL ]

XML file: [f\uca\UUIhUmeflg5955,'FORMATIONjATURNEfNOWUl2!TUTO,"UUNCTION]CASEL’DATNCESel.xml ]

®
Thermal scalar
|4 identity and paths |
- Calculation environment
|| Meshes selection Temperature (Celsius)
|4 Mesh quality criteria Temperature (Kelvin)
e Thermophysical models Enthalpy (I/kg)

|| calculation features
|| Deformable mesh
|_| Turbulence models

|4 Species transport
[ J Physical properties
[ volume conditions
[ Boundary conditions
[ Numerical parameters
[ calculation control
]

4
4
I
4
4
3 Calculation management

Figure VI.8: Thermal scalar conservation: list of models
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In the present case, select Temperature (Celsius).

Hle Tools Window Help

ek

study  [T_JuncTion

case: [casEl

=]
— =

XML file: [localoo/home/19595 5/F ORMATION_SATURNE/NOV201 2/TUTO/T JUNCTION/CASEL /DATA/caseL xml

®
Thermal scalar

|4 Identity and paths
= [ calculation environment | Temperature (Celsius) °
[} Meshes selection
14 Mesh quallty criteria
< B3 Thermophysical models
(1) calculation features
[} Deformable mesh
|| Turbulence models

L]
[ Radiative transfers
[ Conjugate heat transfer
[, species transpart
£ Physical properties
£ volume conditions
Boundary conditions
Numerical parameters
Calculation control

»
>
b
3
13
b £ caloulation management

ceer

Figure VI.9: Thermal scalar conservation: choice of a model

Once the thermal scalar selected, additional items appear. There are no radiative transfers in our case,
so this item can be ignored.
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Initialization:

To initialize variables at the instant ¢t = 0 (s), go to the Initialization item under the heading Volume
conditions. Here the velocity, the thermal scalar and the turbulence can be initialized.

In this case, the default values can be kept: zero velocity, an initial temperature of 20°C and a
turbulence level based on a reference velocity of 1 (m.s~1). Specific zones can be defined with different
initializations. In this case, only the default “all cells” is used.

File Tools Window Help

OD@EdQbk

@@

Study [ TJUNCTION ]

case:  [CASEL ]

XML file: [f‘uCa‘OOJ‘h[lmEle5955]FORMAT|ON75ATURNEfNOVZDlZHUTONJUNCTlONJ’CASElfDATNCESEl.)(m| ]

[E3]
Initialization
|4 Identity and paths
- Calculation environment
|_| Meshes selection
|4 Mesh quality criteria el ‘ @ ‘
- Thermophysical models =
|| calculation features Thermal ‘ '@ ‘

|_| Deformable mesh
|| Turbulence models Turbulence |\mt\ahzation by reference value(s) ¢ | Y.

volume zone |all_cells % |

|_| Thermal model
|| Radiative transfers
|| Conjugate heat transfer
|_| Species transport
Physical properties
~ [B5 volume conditions

|| Volume regions definition

|_| Coriolis Source Terms
> Boundary conditions
Numerical parameters
Calculation control
Calculation management

Figure VI.10: Initialization of the scalar, velocity and turbulence

e Click on the icon near ”"Thermal” in order to specify the initial value of the thermal scalar. It
can be a value or a user expression.
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File Tools Window Help

I @3®3@6 F:F

@@

Study  [T_JUNCTION

Case: CASEL O

XML file: |/local00/home/195955,

User expression| | Predefined symbols | Examples

TempC = 20;

|4 Identity and paths

+ [ calculation environment
|| Meshes selection
|4 Mesh quality criteria

< [ Thermophysical models
| caleulation features
|| Deformable mesh
|| Turbulence models
|| Thermal model
|| Radiative transfers
|| Conjugate heat tran
D Species transport

b [ Physical properties

< [ volume conditions
|| volume regions defin

D Coriolis Source Term:
b [ Boundary conditions
3 D Numerical parameters
g
=]

Calculation control

[

&

Calculation managemen

Figure VI.11: Initialization of the scalar

e To initialize the velocity, click also on the icon near “Velocity”.
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File Tools Window Help

LUE® @ B

@@

Study | T_JUNCTION

Case: CASEL

XML file: |/localo0/home/195955,

|4 Identity and paths
< B9 calculation environment
|| Meshes selection
|4 Mesh quality criteria
~ [B5 Thermophysical models
|| calculation features
|| Deformable mesh
|| Turbulence models
|| Thermal model
|| Radiative transfers
|| Conjugate heat tran:
D Species transport
< [B9 Physical properties
|| Reference values
|| Fluid properties
D Gravity
< [ Volume conditions
|| Volume regions defin
D Coriolis Source Term:
Boundary conditions
Numerical parameters

b B
> B
b ] calculation control
>3

Calculation managemen.

User expression| Predefined symbols = Examples
u=0;:

<

Figure VI.12: Initialization of the velocity
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Under the heading Physical properties in the main list, the Reference values item allows to set the
reference pressure, the reference velocity and the reference length.

Use the default value of 101 325 (Pa) for the pressure and 1 (m/s) for the velocity.

File Tools Window Help

D& ® 0 B

@@

Study [ T_JUNCTION ]

case:  [CASEL ]

XML file: [f‘uCa‘OOJ‘h[lmEle5955]FORMAT|ON75ATURNEfNOVZDlZHUTONJUNCTlONJ’CASElfDATNCESEl.)(m| ]

[E3]
Reference pressure
|4 Identity and paths
- Calculation environment BelsispcapalieliogictalinieEElE 2
|_| Meshes selection
|4 Mesh quality criteria Reference velocity

¥ Thermophysical models Reference value for velocity mis
|| calculation features
|_| Deformable mesh
|_| Turbulence models
|_| Thermal model
|| Radiative transfers
|| conjugate heat transfer (used for initialization of turbulence)
|_| Species transport

~ Physical properties

Reference length

Reference length |Automatic| & | m

=

|| Fluid properties

|| Gravity
Volume conditions
Boundary conditions
Numerical parameters
Calculation control
Calculation management

P
4
4
4
B

Figure VI.13: Physical properties: reference pressure
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Specify the fluid physical characteristics in the Fluid properties item:

e Density

e Viscosity

e Specific Heat

e Thermal Conductivity

In this case they are all constant.

®p
o
on

o (\/Cp) = 0.02495 W.m 1. K1

= 725.735 kg.m™3

=0.895 x 107* kg.m~'.s7!

= 5483 Jkg~t.oC™!

File Tools Window Help

D& & @ B

@@

Study | T_JUNCTION

Case:  [CASEL

XML file: [f\uca\UUIhDmEIIS5955,'FORMATIONjATURNEfNOVZUlZITUTO,"UUNCTION]CASEL’DATNCESel.xml

[ERES)

| 4 Identity and paths
- Calculation environment
|_| Meshes selection
|4 Mesh quality criteria
- Thermophysical models
|| calculation features
|| beformable mesh
|_| Turbulence models
|_| Thermal model
|| Radiative transfers
|| Conjugate heat transfer
|_| Species transport
- Physical properties
|_| Reference values
B

|| Gravity
I [ Wolume conditions
Boundary conditions
Numerical parameters
Calculation control
3 Calculation management

Density

constant

3 4

Reference value

Viscosity

p [725.735 kg/m?

constant

&l "

Reference value

Specific heat

u |8.851le-05 Pas

constant

s] | B

Reference value

Thermal conductivity

constant

z] | B

Reference value

A |0.02485 W/m/K

Figure VI.14: Physical properties:

fluid properties
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Set the three components of gravity in the Gravity item. In this case, since the gravity doesn’t have
any influence on the flow, gravity can be set to 0.

As for the pressure interpolation, the interpolation method keeps the standard default value.

File Tools Window Help

D@ &0 B

@ &=

Study  [T_JUNCTION ]

case: [CASEL ]

XML file: [f\oca\DOIhnmEIIQ59SSJFORMATION_SATURNE[NOVZOIZHUTOITJUNCTION!CASEUDATNCESel.xml ]

3]
Gravity
|_4 Identity and paths
~ [ calculation environment LS m/s?
|| Meshes selection o mis?
|4 Mesh gquality criteria d
< [ Thermophysical models 9 mis?

|_| Caleulation features
|_| Deformable mesh
|| Turbulence models
|| Thermal model
|| Radiative transfers
|_| Conjugate heat transfer
|_| Species transport
- Physical properties
|| Reference values
|_| Fluid properties
=
b £ volume conditions
3 Boundary conditions
3 Numerical parameters
> Calculation control
b Calculation management

Figure VI.15: Physical properties: gravity and hydrostatic pressure
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Boundary conditions now need to be defined. Go to the Define boundary regions item under the
heading Boundary conditions. The following window opens (fig VI.18).

File Tools Window Help

D& ® @ B

@®

Study | T_JUNCTION ]

Case:  [CASEL ]

XML file: [f\uca\UUIhUmeflg5955,'FORMATIONjATURNEfNOWUl2!TUTO,"UUNCTION]CASEL’DATNCESel.xml ]

®
Definition of boundary regions

|4 Identity and paths
= e Y e m—— Label | Zone Nature Selection criteria
|| Meshes selection
|_| Mesh quality criteria
~ Thermophysical models
|| calculation features
|| Deformable mesh
|| Turbulence models
|_| Thermal model
|_| Radiative transfers
|| Conjugate heat transfer
|| Species transport
- Physical properties
|_| Reference values
|_| Fluid properties
|| Gravity Impert groups and references from Preprocessor listing
< [ volume conditions
|_| Volume regions definition
|| Initialization
|| Coriolis Source Terms
- Boundary conditions

Add from Preprocessor listing

D on of bounda
|4 Boundary conditions

b Numerical parameters

b [ calculation control

3 Calculation management

Figure VI.16: Creation of a boundary region
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Each boundary must be defined. Click on Add to edit a new boundary. The boundary faces will be
grouped in user-defined zones, based on their color or on geometrical conditions. For each zone, a
reference number, a label, a nature and a selection criteria must be assigned. The different natures
that can be assigned are:

- wall
- inlet

- outlet

- symmetry

The Label can be any character string. It is used to identify the zone more easily. It usually corresponds
to the nature of the zone.

The Zone number can be any integer. It will be used by the code to identify the zone. No specific
order or continuity in the numbering is needed.

The Selection criteria is used to define the faces that belong to the zone. It can be a color number,
a group reference, geometrical conditions, on a combination of them, related by ¢ ‘or’’ or ‘‘and’’

keywords.

Fle Tools Window Help

O&E3®» 0B

®

study  [TJunCTIoN

coser [caoEL

— ===

XML files | RMATION_SATURNE/NOV201 2/TUTO/T_JUNCTION/CASE1/DATA/casel xml

®
Definition of boundary regions
[ Identity and paths
< B3 calculation environment
1) Meshes selection i i
) Mesh quality criteria nlet
< B3 Thermophysical models symmetry
) Calculation features outlet
) Deformable mesh
) Turbulence models
[ Thermal model
| Radiatve transfers

Label| Zone Nature Selection criteria

1] Conjugate heat transfer
1] species transport
< B3 Physical properties
1] Reference values
1] Fluid properties
[0 ravity Import groups and references from Preprocessor listing
~ 5 Volume conditions
1] Volume regions definition
0] intialzation
1] Coriolis Source Terms
~ 5 Boundary conditions

| add || Delete |

Add from Preprocessor listing

]
4 Boundary conditions

b [ Numerical parameters

P [ calculation control

b [ calculation management

> |

Click right for context menu

Figure VI.17: Creation of a boundary region
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The specification of the inlet condition is detailled in the following pages. The settings will be as follows:

Label: inlet,
Zone: 1,
Nature: inlet,

Selection criteria:

1

Type all the information in the fields, the result diplays as figure VI.18

Fle Tools Window Help

I&E® 0k

®

study  [TJUNCTION

Case: [CASEL

XML file: [ -ORMATION_SATURNE/NOVZ012/TUTO/T JUNCTION/CASE 1/DATA/cas el xml

— ===

®
Definition of boundary regions
s Identity and paths
< B calculation environment.
[} Meshes selection
1] Mesh qualty criteria
~ B Thermophysical models
1] calculation features
[} Deformable mesh
0] Turbulence models
0] Thermal model
1] Radiative transfers
1] conjugate heat transfer

Label |Zone Nature Selection criteria

|| Species transport

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

< B3 Volume conditions
[ Volume regions definition
) Initialization
[0 Coriolis Source Terms

~ B Boundary conditions

Add || Delete |
Add from Preprocessor listing

Import groups and references from Preprocessor listing

B
1) Boundary conditions

b £ Numerical parameters

b £ caleulation control

b £ calculation management

Figure VI.18:

Remember to save the xml file regularly!

Creation of a boundary region
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Do the same thing for the other boundaries.

In our case, colors 8 and 9 are symmetry boundaries. One option can be to define a separate zone for

each color, as follows:

But it is usually faster to regroup the different colors in one single zone,

Label symmetry_1 H symmetry_2 ‘
Zone 3 4
Nature symmetry || symmetry
Localization 8 9

our case, the localization for this zone is the string ‘8 or 97°.

Fle Tools Window Help

OeEd0Bh &

as shown on figure VI.19. In

Study.  [TJUNCTION

caser [casEL

——— =

XML file: [/local00/home/195955/FORMATION_SATURNE/NOV2012/TUTO/T JUNCTION/CASE 1/DATA/cas el.xml

®
Definition of boundary regions
L2 Identity and paths
<~ B3 calculation environment.
[[] Meshes selection Inlet 1 ket 1
1] Mesh quality criteria outlet 2 loutlet s

Label |Zone Nature Selection criteria

~ [ Thermophysical models [Eors]
[} calculation features

] Deformable mesh
0] Turbulence models
1] Thermal model
1] Radiative transfers
1] Conjugate heat transfer
7] species transport
~ [B5 Physical properties
] Reference values

Add || Delete
Add from Preprocessor listing
L] Fluid properties
(3 Gravity
~ B3 Volume conditions
|} Volume regions definition
L] Initialization
| Coriolis Source Terms
~ [ Boundary conditions

Import groups and references from Preprocessor listing ~[{5]

]
7] Boundary conditions

P [ Numerical parameters

b {5 calculation control

p [ calculation management

Figure VI.19: Creation of boundary regions: symmetry region




EDF R&D

Code_Saturne version 3.0.5 tutorial

Code_Saturne
documentation

Page 68/159

The same treatment must be done for the wall conditions. All colors 2, 3, 4, 6 and 7 can be grouped
in a single boundary zone.

After defining all the boundary zones, the Interface window will look as

Fle Tools Window Help

Oe®dopB B

in figure VI.20.

Study  [TJUNCTION

caser [cAsEL

XML file: [ ‘ORMATION_SATURNE/NOV201 2/TUTO/T JUNCTION/CASE 1/DATA/cas el xml

==

®
Definition of boundary regions
L. Identity and paths

< B3 Calculation environment Label Zone Nature Selection criteria
[[] Meshes selection Inlet 1 et 1
0] Mesh quality criteria outlet 2 outlet 5

< [ Thermophysical models symmetry |5 symmery Jaors

L] Calculation features

L] peformable mesh

|| Turbulence models
|| Thermal model
|| Radiative transfers
] Conjugate heat transfer
1) Species transport e
< B9 Physical properties add_ || pelete
) Reference values
) Fluid properties _
[ Gravity Import groups and references from Preprocessor listing [
~ [ Volume conditions —
1] Volume regions definition
L] Initialization
|_] Coriolis Source Terms
~ [ Boundary conditions

Add from Preprocessor listing

]
) Boundary conditions

b B3 Numerical parameters

b £ calculation control

b 3 Calculation management

Figure VI.20: Creation of boundary regions
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Now that the boundary zones are defined, the boundary conditions assigned to them will be specified.
Click on the Boundary conditions item to set the inlet boundary conditions for velocity, turbulence
and themal scalar.

As shown on figure VI.23, outlet and wall boundary zones also appear in the window.

File Tools Window Help

D@ QF [

@®

Study  [TJUNCTION ]

Case:  [CASEL ]

XML file: [f\o:a\OOJ'homEIIQ59SSJFORMATION_SATURNE[NOVZOIZHUTOITJUNCTION!CASEIIDATNCaSel.xml ]

3]
Boundary conditions
|_| Identity and paths
- calculation environment Label Zone Nature Selection criteria
|| Meshes selection Inlet 1 inlet 1
|| Mesh quality criteria Outlet 2 outlet 5
- Thermophysical models Walls 4 wall 2or3ordor6or?

|| Calculation features
|_| Deformable mesh
|| Turbulence models
|| Thermal model
|_| Radiative transfers
|_| Conjugate heat transfer
|| Species transport
- Physical properties
|_| Reference values
|_| Fluid properties
] Grawvity
~ B9 volume conditions
|| Volume regions definition
|| Initialization
|_| Coriolis Source Terms
~ [B9 Boundary conditions
|| Definition of boundary regi...

-
- Numerical parameters

|_| Global parameters

|_| Equation parameters

|| steady flow management
b calculation control
P Calculation management

Figure VI.21: Dynamic variables boundary conditions
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Click on the label inlet. In the section Velocity, select norm, then in the sub-section Direction choose

specified coordinates and enter the normal vector components of the inlet velocity.

For the turbulence, choose the inlet condition based on a hydraulic diameter and specify it as below:

x=1.0 (m) ; y=0.0 (m ; z=0.0 (m
hydraulic diameter = 0.5 (m)

Fle Tools Window Help

D@0k

Study:  [T_JUNCTION

Case [CASEL

XML file: [flocaloo/home19595 5/F ORMATION_SATURNE/NOV201 2/TUTO/T JUNCTION/CASEL /DATA/caseL. xml

(&)
— B

®
Boundary conditions
15 Identity and paths

< B3 Calculation emviranment Label Zone Nature Selection criteria
] Meshes selection
|| Mesh quality criteria Outlet 2 outlet
walls 4 wall 2or3ordor6ory

= [ Thermophysical models
| calculation features
[) Deformable mesh
[) Turbulence models
[] Thermal model
|| Radiative transfers
|| conjugate heat transfer
|_J Species transport
~ B9 Physical properties Velocity
[) Reference values
[ Fluid properties
] Gravity e
< B3 Volume conditions Direction | specified coordinates Sl
[ volume regions definition
[0 mitialization %[0 ] v [0.0 z 00 ]
[ Coriolis Source Terms
= B Boundary conditions
[*] Definition of boundary regi...

[norm 3] (Lo | mis

Turbulence

]

b numerical parameters | calculation by hydraulic diameter| ¢
b [J calculation control -
3 calculation management

s i @

Thermal

@——————————————p Tpe [Prescribedvalue |5

Figure VI.22: Dynamic variables boundary conditions:

inlet

Click on inlet to choose the temperature inlet value. Here this value is 300°C.
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File Tools Window Help

@@

Study | T_JUNCTION

Case:  [CASEL

XML file: [f\uca\UUIhDmEIIS5955,'FDRMATIDNjATURNEfNOVZUlZITUTD,"UUNCTION]CASEL’DATNCEsel.xml ]

B&

|4 Identity and paths
< 9 calculation environment
|| Meshes selection
|| Mesh quality criteria
~ [B5 Thermophysical models
|| calculation features
|| Deformable mesh
|| Turbulence models
|| Thermal model
|| Radiative transfers
|| Conjugate heat transfer
D Species transport
< [B9 Physical properties
|| Reference values
|| Fluid properties
D Gravity
< [ Volume conditions
|| volume regions definition
| Initialization
D Coriolis Source Terms
< [ Boundary conditions
|| Definition of boundary regi...
b D Numerical parameters
P [ calculation control
P [ calculation management

Boundary conditions

Label Zone Nature Selection criteria
Outlet 2 outlet 5|
Walls 4 wall 2or3ordoréory
Velocity
norm c] [1.0 ] mis L
Direction lncrmal direction to the inlet ¢ ] ‘ .OJ ‘
Turbulence
Calculation by hydraulic diameter & ] | -Dj |
Hydraulic diameter m
Thermal

Type | Prescribed value o} ‘ ,Oj
e Er—
~

Figure VI.23: Dynamic variables boundary conditions: inlet
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As for the wall boundary zone, the specifications the user might have to give is when the wall is sliding,
and if the wall is "smooth" or "rough". In this case, the walls are fixed so the option is not selected,
and the wall is considered as "smooth".

Note that if one of the walls had been sliding, it would have been necessary to isolate the corresponding
boundary faces in a specific boundary region.

Hle Tools Window Help

D& >0

@

study.  [TJuncTIoN

case: [casEl

XML fle: [focal00/home/195855/F ORMATION_SATURNE/NOV201 2/TUTO/T JUNCTION/CASEL /DATA/caseL. ki

— =

®
Boundary conditions
|4 Identity and paths
- Calculation environment Label Zone Nature Selection criteria
L] Meshes selection Inlet 1 inlet 1
|| Mesh quality criteria Outlet 2 outlet 5

< B5 Thermophysical models
[ caleulation features
|} Deformable mesh
| Turbulence models
[0 Thermal model
) Radiative transfers
|} Conjugate heat transfer
|| Species transport
= [ Physical properties Smooth or rough wall
[} Reference values
|_J Fluid properties
1) Gravity
= B9 Volume conditions
[} Volume regions definition
[ Initialization
|| coriolis Source Terms
~ [ Boundary conditions el
[} Defintion of boundary regi

@ smoothwall O rough wall

[ sliding wall

Type | Prescribed flux =
Numerical parameters [Tempe ¢ |
Caleulation control

Caleulation management

Flux

Figure VI.24: Dynamic variables boundary: walls
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The boundary conditions on the temperature are only applied on inlets, outlets and walls.

For the walls, three conditions are available:

- Prescribed value
- Prescribed flux
- Exchange Coefficient

For the outlet, only Prescribed value and Prescribed flux are available, but they are taken into account
only when the flow re-enters from the outlet. Otherwise, homogeneous Prescribed flux is considered by
Code_Saturne.

For the inlets, only Prescribed value is available.

In this case all walls are adiabatic. So the boundary condition for the temperature will be a Prescribed
flux set to 0.

Fle Tools Window Help

ODEd»0k &

Case: [CASEL

=
Study  [TJUNCTION ]
XML file: [/localon/home/195955/FORMATION_SATURNE/NOV201 2/TUTO/T_JUNCTION/CASEL /DATA/casel xmi ]

®
Boundary conditions
[ Identity and paths

- Calculation environment Label Zone Nature Selection criteria
[} Meshes selection Inlet 1 inlet 1
Qutlet 2 outlet S

[) Mesh quality criteria
~ B Thermophysical models
[ calculation features
[ Deformable mesh
|| Turbulence models
|| Thermal model
| ] Radiative transfers
|) conjugate heat transfer
] species transport
= [ Physical properties
[ Reference values
|| Fluid properties
1] Gravity
< [ volume conditions
[ Volume regions definition
[ Initialization
| coriolis Source Terms
= B9 Boundary conditions

smooth or rough wall
@ smocthwall C rough wall

O sliding wall

Thermal

|| Definition of boundary regi...

L]
3 Numerical parameters
b £ calculation control
P £ calculation management

Figure VI.25:

Prescribed value {user law)

Type  Prescribed flux 2
s ) Prescribed flux (user law) ;
| Tempc| ¢ |
— Flux | Exchange coefficient

Exchange coefficient (user law)

Scalars boundaries: walls
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The Global parameters need then to be specified, under the header Numerical parameters. In this
case, the SIMPLE algorithm must be chosen

File Tools Window Help

D& ® 0 B

@@

Study [ T_JUNCTION ]

Case;  [CASEL ]

XML file: [f‘uCa‘ﬂﬂfh[lmEle5955,’FDRMAT|DN75ATURNEI‘NOVZDIZITUTO,’TJUNCTlON,’CASEL’DATNCESEl.Xm| ]

[E3]
Global parameters

|| Identity and paths

= N Gradient calculation method:
- Calculation environment

|_| Meshes selection Iterative handling of non-orthogonalities 4 ]
|_| Mesh quality criteria
- Thermophysical models Pseudo-coupled velocity-pressure solver O
|| calculation features
|| Deformable mesh Handling of transpeosed gradient and divergence

[) Turbulence models source terms in momentum equation

|| Thermal model
|| Radiative transfers
|| Conjugate heat transfer
|_| Species transport
~ Physical properties
|| reference values
|| Fluid properties
|| Gravity
< [ Volume conditions
|| Volume regions definition

Extrapolation of pressure gradient
on domain boundary

Neumann 1st order 2

Relaxation of pressure increase

Improved pressure interpolation in stratified flow m}

] Initialization
|| Coriolis Source Terms
- Boundary conditions
|_| Definition of boundary regi...
|_| Boundary conditions
e Numerical parameters
B

|_| Equation parameters

|_| Steady flow management
Calculation control
Calculation management

Velocity-Pressure algorithm
SIMPLEC
FISO

Figure VI.26: Steady flow management
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After selecting the Equation parameters item, the tab Scheme allows to change different more advanced

numerical parameters.

In this case none of them should be changed from their default value.

File Tools Window Help

D@30k &

@

Study.  [TJUNCTION

Case:  [CASEL

XML file: [l‘\oCa\UU,’hDmEI\BSBSSIFORMAT\ON_SATURNE./'NOVZ[HZI’TUTOIT_JUNCTIONICASEIIDATN:ESEI‘Xm\

=]E)

|} Mesh quality criteria (~] Solver | Scheme | Clipping ‘

= B9 Thermophysical models

= B volume conditions
| ] Volume regions definition
|-} Initialization
| coriclis Source Terms
= [ Boundary conditions
|| Definition of boundary re...
|| Boundary conditions
= B9 Numerical parameters
|_] Global parameters
|} Pseudo-Time step
= B9 Calculation control
|} Time averages
|| output control
|| Wolume solution control
|| Surface solution centrol
|| Profiles
= B9 Calculation management.
| 4 Start/Restart
|_) Performance tuning
|| Prepare batch calculation

Blending Slope Flux RHS Sweep
|| caleulation features Name ST Factor Test econstructior ¥Econstructior
() Deformable mesh I . VelocityX ©  Centered 1 1
|| Turbulence models LT inrit
|| Thermal model VelocityY Centered 1 1
|_) Radiative transfers VelocityZ Centered 1 1
H Conjugate heat transfer TurbEner Upwind 0 ] 1

Species transport in =
= B9 Physical properties 1L Dissip Upwind o ] 1
|| Reference values TempC Centered 1 1
| Fluid properties
[] Gravity

a [

Figure VI.27: Numerical parameters
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The tab Clipping in the Equation parameters item permits to vanish the too small or too big value.

File Tools Window Help

D@0k &

Study  [TJUNCTION

Case:  [CASEL

XML file: It’\uCE\ﬂﬂ.ﬂhnmel\QSQESIFORMAT\ONfSATURNEfNOVZUlZFFUTOITJUNCTION/CASEIIDATNCESEI‘xm\

B =

] dentity and paths Sn\verl scheme | Clipping

= B9 calculation environment
|| Meshes selection Name value

|_] Mesh quality criteria
= B9 Thermophysical models E
|| caleulation features
|| Deformable mesh
|| Turbulence models
|} Thermal model
|| Radiative transfers
|- Conjugate heat transfer
|| Species transport
= [ Physical properties
|| Reference values
|} Fluid properties
| Gravity
< B9 Volume conditions
| ] volume regions definition
| Initialization
| coriclis Source Terms
= B9 Boundary conditions
|| Definition of boundary regi...
|_) Boundary conditions
= B9 Numerical parameters
|_] Global parameters
|| steady flow management
P £ calculation control
b F caleulation management

Minimal Maximal
value
TempC i 20 400

Figure VI.28: Clipping
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Go to the Steady flow management item to specify the number of iterations, 300 in this case. The
relaxation coefficient is equal to 0.9 and the Zero iteration option will not be activated.

File Tools Window Help

D& ® 0 B

@@

Study [ T_JUNCTION

Case;  [CASEL

XML file: [f‘uCa‘OOJ‘h[lmEle5955]FORMAT|ON75ATURNEfNOVZDlZHUTONJUNCTlONJ’CASElfDATNCESEl.)(m|

[E3]
Steady flow algorithm management
|| Identity and paths
- Calculation environment (it iUzt
L] Meshes selection Mumber of iterations (restart included)
|_| Mesh quality criteria
- Thermophysical models Zero iterations option O
|| calculation features
|_| Deformable mesh
|| Turbulence models
|| Thermal model
|| Radiative transfers
|| Conjugate heat transfer
|_| Species transport
~ Physical properties
|| reference values
|| Fluid properties
|| Gravity
< [ Volume conditions
|| Volume regions definition
] Initialization
|| Coriolis Source Terms
- Boundary conditions
|_| Definition of boundary regi...
|_| Boundary conditions
= Numerical parameters
|| Global parameters
|_| Equation parameters
=
[ Calculation control
4 Calculation management

Figure VI.29: Steady flow management
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Under the heading Calculation control, click on the Output control item to change the frequency for
the printing of information in the output listing.

The options are:

- No output
- Output listing at each time step
- Output at each ’n’ time step (the value of ’n’ must then be specified)

Here and in most cases, the second option should be chosen.

File Tools Window Help

N®ExQ0k [

@@

Study  [TJUNCTION ]

Case:  [CASEL ]

XML file: [f\cca\OOIhnmEIIQ5955]FORMATION_SATURNE[NOVZOIZHUTOITJUNCTION!CASEUDATNCQSel.xml ]

[E3]
Output Control | Writer | Mesh | Monitoring Points
|_4 1dentity and paths
- Calculation environment Log frequency No output
|_| Meshes selection
|| Mesh quality criteria | 1
~ B9 Thermophysical models Output every 'n' time steps

|_| Calculation features
|_| Deformable mesh
|| Turbulence models
|| Thermal model
|| Radiative transfers
|_| Conjugate heat transfer
|_| Species transport
- Physical properties
|| Reference values
|| Fluid properties
|| Gravity
~ [ Volume conditions
|| Volume regions definition
-] Initialization
|| Coriolis Source Terms
< [ Boundary conditions
|_| Definition of boundary regi...
|| Boundary conditions
hd Numerical parameters
|_| Global parameters
|_| Equation parameters
|_| PseudoTime step
+ B9 calculation control
|_| Time averages
=
|_| Volume solution control
|_| surface solution control
|| Profiles
3 Calculation management

Figure VI.30: Output control: output listing
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For the post-processing (by default EnSight format files), there are three options:

- Only at the end of calculation
- At each time step
- Post-processing every ’n’ time steps

In this case, we are interested in the evolution of the variables during the calculation, so the second
option is chosen.

File Tools Window Help

D&k B

®

——— =

study  [TJuncTion

case: [casER

XML file: | RMATION_SATURNE/NOVZ201 2/TUTO/T_JUNCTION/CASE 1/DATA/cas el xml

®
output Control | Writer | Mesh | Monitoring Points
L. identity and paths
~ 5 calculation environment
[} Meshes selection
1] Mesh qualty criteria
~ 5 Thermophysical models
1] calculation features
] Deformable mesh
0] Turbulence models
1] Thermal model
1] Radiative transfers
1] Conjugate heat transfer
7] species transport
v [ Physical properties
] Reference values
] Fluid properties
[0 Gravity
< B3 Volume conditions ——
[ Volume regions definition ‘ & ‘ ‘ = ‘
] Initialization —
7] coriolis Source Terms Frequency
< [ Boundary conditions
1] Definition of boundary regi
1] Boundary conditions output at end of calculation
<~ B Numerical parameters
] Global parameters Time-dependency
1] Equation parameters
0] PseudoTime step
~ [ calculation control
[} Time averages Options

Name 1d Format Directory

| No periodic output. <

| Fixed mesh S

format |binary (native) ¢
L] Volume solution control —

) surface solution control polygons [display 2]
) Profiles
D [ calculation management polyhedra | display i

() )

Figure VI.31: Output control: post-processing
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The other options are kept to their default value.

Fle Tools Window Help

O&Ed30EB B

®

study. [TJUNCTION

case: [caoER

XML file: | RMATION_SATURNE/NOVZ201 2/TUTO/T_JUNCTION/CASE 1/DATA/cas el xml

—— ==

s Identity and paths
= B9 Calculation environment
[} Meshes selection
1] Mesh qualty criteria
~ 5 Thermophysical models
[} calculation features
1] Deformable mesh
] Turbulence models
0] Thermal model
] Radiative transfers
0] conjugate heat transfer
7] species transport
< B9 Physical properties
] Reference values
] Fluid properties
[0 Gravity
~ [ Volume conditions
1] Volume regions definition
] Initialization
7] coriolis Source Terms
= B9 Boundary conditions
] Definition of boundary regi
1] Boundary conditions
<~ B Numerical parameters
] Global parameters
0] Equation parameters
[0) PseudoTime step
~ 5 calculation control
[ 1] Time averages

1] Volume solution control
1] surface solution control
0] profiles

p [ calculation management

Output Control | Writer | Mesh | Monitoring Points

Name id Format

(+J(=]

Frequency

| No periodic output.

Output at end of calculation
Time-dependency
| Fixed mesh o
options
format  [binary (native) ¢ |
polygons | display S
polyhedra | display ol

@ b

Figure VI.32: Output control

The Monitoring Points tab allows to define specific points in the domain (monitoring probes) where
the time evolution of the different variables will be stored in historic files. In this case no monitoring
points are defined.
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The Volume solution control item allows to specify which variable will appear in the output listing,
in the post-processing files or on the monitoring probes. In this case, the default value is kept, where
every variable is activated.

File Tools Window Help

N®ExQ0k [

@@

Study  [TJUNCTION ]

Case:  [CASEL ]

XML file: [f\cca\OOIhnmEIIQ5955]FORMATION_SATURNE[NOVZOIZHUTOITJUNCTION!CASEUDATNCQSel.xml ]

[E3]
Solution control
|4 Identity and paths

[ i Print in Post-
-
Calculation environment Name (B e e Probes
|_| Meshes selection T —
[ ] Mesh quality criteria Pressure
- Thermephysical models WelocityX
|_| Calculation features velocityy
|_| Deformable mesh
W v
|| Turbulence models NEIEE 2
|| Thermal model total_pressure
|| Radiative transfers TurbEner
= Cunjl,.lgate heat transfer Dissip
|_| Species transport
~ [B5 Physical properties TurbVisc
|| Reference values TempC
|| Fluid properties LocalTime
|| Gravity
- C thb
- Volume conditions ouran 8 7
|| volume regions definition Fourierhb

-] Initialization
|| Coriolis Source Terms
< [ Boundary conditions
|_| Definition of boundary regi...
|| Boundary conditions
hd Numerical parameters
|_| Global parameters
|_| Equation parameters
|_| PseudoTime step
~ B9 calculation control
|| Time averages
|_| Output control
=
|| surface solution control
[] Profiles
4 Calculation management

Figure VI.33: Solution control
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The Start/Restart item allows to start a new calculation from the results of a former one. It is not the
case in the present calculation so nothing has to be modified.

File Tools Window Help

D& ® 0 B

@@

Study [ T_JUNCTION ]

Case;  [CASEL ]

XML file: [f‘uCa‘DDJ‘h[lmEle5955]FORMAT|ON75ATURNEfNOVZDlZHUTONJUNCTlONJ’CASElfDATNCESEl.)(m| ]

[E3]
Checkpoint/Restart
|| Mesh quality criteria
- Thermophysical models
|_| Calculation features Advanced options |<;\_4‘
|_| Deformable mesh = —
|| Turbulence models
|| Thermal medel
|_| Radiative transfers
|_| Conjugate heat transfer
|_| Species transport
- Physical properties
|| Reference values
|_| Fluid properties
|| Gravity
~ [B5 volume conditions
|| volume regions definition
|| Initialization
|_| Coriolis Source Terms
~ [ Boundary conditions
|| Definition of boundary re... || =
|| Boundary conditions
hd Numerical parameters
|_| Global parameters
|_| Equation parameters
|| PseudoTime step
< B9 calculation control
|_| Time averages
|_| Output control
|| Volume solution control
|| Surface solution control
|| Profiles
~ Calculation management
|| Performance tuning
|| Prepare batch calculation

Calculation restart: O on @ off

Figure VI.34: Start/Restart
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The final item, Prepare batch calculation, is used to prepare the launch script and, on certain architec-
tures, launch the calculation.

Fle Tools Window Help

OD&Ed»00k &

@ e

Study  [TJUNCTION ]

case: [cAsEl ]

XML file: [l\uca\DOlhumef\95955/FORMAT\DN75ATURNE[NOV2Dl2fTuTOFUuNCT\ONfCASElfDATNcaSel xml l

®
_ Script file
[ Mesh quality criteria E| -
~ B Thermophysical models Select the script file (55 runcase

calculation features o

Deformable mesh ml Calculation script parameters

Turbulence models -
Thermal model Run type | standard Sl

Radiative transfers
Conjugate heat transfer
Species transport
~ [ Physical properties
[) Reference values
L] Fluid properties
| Gravity
~ B9 volume conditions
[1] Velume regions definition
] Initialization
|| coriolis Source Terms
~ [ Boundary conditions
|_J Definition of boundary re... ||
|| Boundary conditions
= B Numerical parameters
[) clobal parameters
|| Equation parameters
|| PseudoTime step
~ [ Calculation control
|| Time averages
LI output control
[] Velume solution control
] surface solution control
[ Profiles
~ [ Calculation management
| start/Restart
|_| Performance tuning

Number of processes

DD D E

Advanced optiens

Calculation start

Start calculation |

Figure VI.35: Prepare batch analysis: Computer selection
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Click on the icon to Select the batch script file to select the launch script. The default launch script is
named runcase and is located in the SCRIPTS/ directory. Select it and click on Open.

Remember to save the xml file before opening the launch script.

File Tools Window Help

LR Y
@ =

Study | T JUNCTIGN

Case: CAS Select the'batc ipt x
XML file: |/loc; [\95955 ” FORMATION_SATURNE " NOW2012 l TUTO [ T_JUNCTION HCASEI HSCRIPTSI
Raccourcis Nom A | Taille Modifié
D e QRechercher Ei runcase 181 octets 11:42

< B9 Therm 5 Récemment ...
[0 cal 195955
L pef g BUreau
\rzl L IE] Systéme de ...
|| The
) Raq [ netdata
[ ) cor [ saturne
[) spe 3 texmaker
< B9 Physic|
[ Ref
|| Flu
\;’l Gra
< B9 volumi
[ vol
D Init!
D Col
~ [ Bound
\:l De
D Bol
~ B9 Nume

| clo

ij-)uter| |En|e'-.'e\"
Oy
e

< B9 calcul
|| Time averages
|| output control
|| velume solution control
|| Surface solution contral
|| Profiles

~ 9 calculation management
|| start/Restart
\;’l Performance tuning
E Prepare batch calculation

Figure VI.36: Prepare batch analysis: batch script file selection
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When the script is selected, new options will appear. On this calculation, the number of processors
used will be left to 1.

Finally, the Advanced options icon allows to change some more advanced parameters that will not be
needed in this simple case.

Eventually, save the xml file and execute it by clicking on start calculation. The results will be copied
in the RESU/ directory.

Fle Tools Window Help

O&83®» 0 Bk

Study  [TJUNCTION

case: [cAsEl

XML file: [l\uca\DOlhumef\95955/FORMAT\DN75ATURNE[NOV2Dl2fTuTOFUuNCT\ONfCASElfDATNcaSel xml

| Mesh qualtty criteria
<~ B9 Thermophysical models
[1) calculation features
] Deformable mesh
] Turbulence models
[] Thermal model
|| Radiative transfers
|] conjugate heat transfer
|| Species transport
< [ Physical properties
[) Reference values
L] Fluid properties
| Gravity
~ B9 volume conditions
[1] Velume regions definition
] Initialization
|| coriolis Source Terms
~ B9 Boundary conditions

| Definition of boundary re...

|| Boundary conditions
~ B9 Numerical parameters
[) clobal parameters
[| Equation parameters
|| PseudoTime step
= B9 calculation control
[ Time averages
[ output contrel
7] velume solution control
] surface solution control
(] Profiles
~ [ Calculation management
| Start/Restart
[ Performance tuning

Seript file

Select the script fle [ runcase

Calculation script parameters

Run type | standard =
Number of processes  [1 [
Advanced options 1%

Calculation start

Start calculation |

Figure VI.37: Prepare batch analysis: Execution
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Fle Tools Window Help

N

Study:

Case:

D

[ number of lines l [ save as ] | stopnow || stopar ||

2002101711043 E3)

TJUN code_saturne is rumning

ARKRTARRRKRAAARRR R AARR
CASE
026

Version: 3.0.0-betaR402
XML file: [/local Path: /netdata/saturne/Code_Saturne/3.0-beta/arch/calibre?

Result director:

hd -}

hd |

hd -}

hd |

-8

id |

id |

@@

&
/10calD0/mome /195955 /FORMATION_SATURNE /NOV2012/TUT0/T_JUNCTION/CASE1/RESU/20131017-1143

0 Mesl Working directory (to be periodically cleaned):
/scrateh/195955/tmp_Saturne/T_JUNCTION.CASEL.20121017-1143

Thermoj - -

[ cale Single processor code_saturne simulation.

|| Defol

[T O

[ Theri Preparing calculation data

D Radi HRRAARRRRREERRAANRRRRRRRRRAR

(1 conj

T

Physical Preprocessing calculation

[ Refa O A

] Fluid

(] Grawl | sxxrsxesexrsxorscnsens

Volume Starting caleulation

Bl voluf | mermrermereseens

[] Initia]

) Corid | wxrrersvesrensvennvessnannns

Boundai Sawing caleculation results

Cioe | IR

[] Bour] | cleaned working directory:

Numeri /scratch/I95955/tmp_Saturne/T_JUNCTION.CASEL.20121017-1143

[ Glob

] Equg

] Psed

Calculat

[ Time|

[ outp

[ volu

(] surf

|| Profi

Calculat

[ start

[_] Perf

Figure VI.38: Run
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2 Solution for case2

This case corresponds to a new study, in which there will be three calculation cases (cases 2, 3 and 4).
We can create one case in a single code_saturne create command and additional cases can be added
later. To test this functionality, first create the study directory, with case subdirectory case2, as below:

$ code_saturne create -s full_domain -c case?2
$ cd full_domain

Go to the DATA directory in case2, open a new case and select the meshes to use.

Click on the heading Calculation environment then on the Meshes selection item. In this case, you

must add three meshes which have to be joined.

In order to join the three meshes, you must add a selection criteria in the box Selection criteria. In
this case, only faces of colors 5, 24 and 32 are liable to be joined (different colors can be entered on a

single line, separated by comma).

Click on the 4+ icon to enter the list of colors to be joined in the Face joining (optional) item.

File Tools Window Help

D& >0 E

Study:

Case:

XML file: |

E

hd |

=
4=
> By
> By
b
=
>

@®

[FuLL_DoMAIN

[casz

Identity and paths
Calculation environment
=

| 4 Mesh quality criteria
Thermophysical models
Physical properties
Volume conditions
Boundary conditions
Numerical parameters
Calculation control
Calculation management

®
Meshes | Periodic Boundaries

Mesh import

@ Import meshes (O Use existing mesh input

Local mesh directory (optional)

-.JMESH

List of meshes

File name Format Reorient
downcomer.des Simail/NOPO ]
fdc.des Simail/NOPO O
pic.des Simail/NOPO O
L+ =]

Face joining {optional)

Fraction = Plane | Verbosity = Visualization

[£](=]
[ subdivide warped faces

[ Mesh smoothing

Figure VI.39: Meshes: list of meshes

Path

Selection criteria
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File Tools Window Help

LT

@ B
Study  [FULL DOMAIN
Case: [cAS2
XML file: |

Identity and paths
Calculation environment
B Meshes selection
|4 Mesh quality criteria
[ J Thermophysical models
Physical properties
Volume conditions

4

>y

> By

> [ Boundary conditions
> By

>y

P B

Numerical parameters
Calculation control
Calculation management

Meshes | Periodic Boundaries

Mesh import

@ Import meshes (O Use existing mesh input

Local mesh directory (optional)

[-JMESH

List of meshes

File name Format Reorient Path
downcomer.des Simail/NOPO O
I fdc.des Simail/NOPO O
I pic.des Simail/NOPO m}

Face joining (optional)

Fraction Plane Verbosity Visualization

Selection criteria

[[] Ssubdivide warped faces

[[] Mesh smoothing

Figure VI.40: Join a Mesh
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You can now verify the quality of your mesh.

File Tools Window Help

OD@E®dQk [

@@

Study  [FULL_DOMAIN

Case:  [cAS2

XML file: |

B&

Mesh quality criteria

|4 Identity and paths
- Calculation environment
|_] Meshes selection
b [ Thermophysical models
P [ Physical properties
P [ volume conditions
I [ Boundary cenditions
P [ Numerical parameters
b [ calculation control
P £ calculation management

Options

Post-processing format | EnSight Geld <

polygons | display <
polyhedra | display 3

big-endian []

Check mesh

Figure VI.41: Mesh quality criteria
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In this case “Unsteady flow” must be selected in the Calculation features item.

File Tools Window Help

D& 3> @ B

@@

Study  [FULL_DOMAIN

Case:  [cAS2

XML file: |

| 4 Identity and paths
- Calculation environment
|_| Meshes selection
|_| Mesh quality criteria
~ [B5 Thermophysical models
alculation features
|4 Deformable mesh
|4 Turbulence models
|4 Thermal model
|4 Species transport
Physical properties
Volume conditions
Boundary conditions
Numerical parameters
Calculation control
Calculation management

> By
b By
=
g=
> By
v By

Steady/Unsteady flow algorithm

[unstaadyﬂnw C]

Eulerian-Lagrangian multi-phase treatment

luﬁ C]

Atmospheric flows

[of‘f 3]

Gas combustion

[uﬁ C]

Pulverized fuel combustion

Iof‘f 3]

Electrical models

[uﬁ C]

Compressible model

Iof‘f C]

Figure VI.42: Thermophysical models - Analysis features - Unsteady flow

The rest of the heading Thermophysical models is identical to casel.
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To add an additional scalar, click on the Species transport item under the Thermophysical models

heading.

File Tools Window Help

BPOF [

@@

Study  [FULL_DOMAIN

Case:  [cAs2

XML file: |

|4 Identity and paths

< B9 calculation environment
[} Meshes selection
|_] Mesh quality criteria

- Thermophysical models
|| calculation features
|| Deformable mesh
[ Turbulence models
| Thermal model
|4 Radiative transfers
| | conjugate heat transfer

b [ Physical properties

b £ Volume conditions

I £ Boundary conditions

3 D Numerical parameters

b [ calculation control

b [ calculation management

E Species transport

Species transport

Name

TempC

[csard

Variance of Species

[+](=]

Variance

Species_Name

[+](=]

Figure VI.43: Additional scalar
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The heading of Physical properties is identical to casel.
In the Fluid properties item, still under the heading Physical properties, specify the diffusion coefficient
of this new scalar.

Click on the scalar name to highlight it, then enter the value in the box. In this case, the species
diffusion coefficient value is 0.855 (x107° m2.s71) for the scalar2 scalar to solve.

File Tools Window Help

D@ QF [

@ &=

Study  [FULL_DOMAIN J

case:  [cAS2 ]

XML file: | ]

Density
|_4 Identity and paths
~ Calculation environment
|| Meshes selection
|| Mesh quality criteria
- Thermophysical models

.cunstant el | il

Reference value

|_| Calculation features
|_| Deformable mesh
|| Turbulence models
|| Thermal medel
|_4 Radiative transfers
|_| Conjugate heat transfer
|_| Species transport

- Physical properties
|| Reference values
=
|s Gravity

b £ volume conditions

P [ Boundary conditions

3 D Numerical parameters

b [ calculation control

b [ calculation management

Viscosity

[cunstant rer | il

u |B8851le-05 Pas

Reference value

Specific heat

\:cunstant s vl

Reference value

Thermal conductivity

\_ccnstant s il

A |0.02485 W/m/K

Reference value

Diffusion coefficient of species

Name |scalar2 c'\

| constant ¢

reference |8,55E-05 mé/fs

5

Figure VI.44: Fluid properties
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Initialization:
To initialize variables at the instant ¢ = 0 s, go to the Initialization item under the heading Volume

conditions.

Here the velocity, the thermal scalar and the turbulence can be initialized. In this case, the default
values can be kept: zero velocity, an initial temperature of 20°C and a turbulence level based on a
reference velocity of 1 (m.s™1). You must also initialize the scalar2 species at 10°C.

Specific zones can be defined with different initializations. In this case, only the default “all cells” is

used.

File Tools Window Help

D@ QF [

@&

Study  [FULL_DOMAIN

Case:

[casz

XML file: [f\o:a\OOJ’homEfI95QSSIFORMATION_SATURNEINOVZOI2F|'UTO,’FULL_DOMA\N[CASZIDATN:aSEZ.xm\

|_4 Identity and paths

~ Calculation environment
|| Meshes selection
|| Mesh quality criteria

- Thermophysical models
|_| Calculation features
|_| Deformable mesh
|| Turbulence models
|| Thermal medel
|_4 Radiative transfers
|_| Conjugate heat transfer
|_| Species transport

- Physical properties
|| Reference values
|_| Fluid properties
|| Gravity

~ [ volume conditions

|| volume regions definition

=

|4 Coriolis Source Terms
[ Boundary conditions
D Numerical parameters
[ calculation control
[ calculation management

4
4
4
B

B ®

Initialization

volume zone | all_cells ¢ |

Velocity ‘@‘
Thermal ‘@‘
Turbulence | Initialization by reference value(s) ¢ | v

Species |M\ ‘@‘

Figure VI.45: Initialization
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File Tools Window Help

XML file: |/local00/home/195955,

Case: CAS2 O

ICEX YT

@@

Study  [FULL DOMAIN

User expression| | Predefined symbols | Examples

scalar? = 10;

|4 Identity and paths
+ [ calculation environment
|| Meshes selection
|| Mesh quality criteria
< [ Thermophysical models
| caleulation features
|| Deformable mesh
|| Turbulence models
|| Thermal model
|4 Radiative transfers
|| Conjugate heat tran
D Species transport
~ [B5 Physical properties
|| Reference values
|| Fluid properties
D Gravity
~ [ Volume conditions
|| velume regions defin
nitialization
L_,;_.‘, Coriolis Source Term:
Boundary conditions

Calculation control
Calculation managemen.

=
> £ Numerical parameters
> By
P By

Figure VI.46: Initialization- Species
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eCreate the boundary zones:
The procedure is the same as in case 1, but the colors are different. Note that colors 5 and 32 have

completely disappeared in the joining process (they are now internal faces and are not considered as
boundaries), while some boundary faces of color 24 remain.

Create the inlet, outlet and symmetry boundary zones with the following colors:

- inlet 21
- outlet : ’’34’’
- symmetry: ’’8 or 9 or 28 or 29 or 38 or 39’

File Tools Window Help
ODE®d@Obk F

@®

Study  [FULL_DOMAIN J

case:  [cAs2 ]

XML file: [f\o:a\OOJ’homefl95QSSJFORMATION75ATURNEINOV2012!TUTO,’FULLﬁDOMA\NICAS2,’DATN:aSe2.><m\ ]

®
Definition of boundary regions
| Identity and paths - —
- calculation environment Label Zone MNature Selection criteria
|| Meshes selection Inlet 1 Inlet 1
|_| Mesh quality criteria outlet 2 Outlet 34

- Thermophysical models
|| calculation features
|| Deformable mesh
|| Turbulence models
|_| Thermal model
|4 Radiative transfers
|| conmjugate heat transfer
|| Species transport — ———————
< [ Physical properties Add ‘ | Delete
|_| Reference values
|_| Fluid properties —
|| Gravity Impert groups and references from Preprocessor listing ‘t'|
< [ volume conditions o
|| volume regions definition
|| Initialization
|4 Coriolis Source Terms
e Boundary conditions
-
|4 Boundary conditions
P [ Numerical parameters
> £ calculation control
P £ calculation management

Add from Preprocessor listing

Figure VI1.47: Creation of the boundary zones
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In this case, different conditions are applied for the walls. Separate corresponding wall boundary
regions must therefore be created, following the data in the following table.

’ Label \ Zone \ Nature\ Selection criteria, ‘
wall.2| 5 wall 2or3

wall.3| 6 wall |4 or 7 or 21 or 22 or 23
wall 4| 7 wall 6 and y>1

wall. 5| 8 wall 6 and y<1

wall.6| 9 wall 31 or 33

The “wall_1” region combines color and geometrical criteria. The associated character string to enter
in the “Selection criteria” box! is as follows:

[ 7724 and 0.1 <= x and 0.5 >= x’’

Hle Tools Window Help

E®» 90

case:  [cas2

=
Study.  [FULL_DOMAIN ]
XML file: [/local0n/home95955/FORMATION_SATURNE/NOV201 2/TUTO/FULL_DOMAIN/CAS 2/DATA/c ase2 xml ]

®
Definition of boundary regions
|4 1dentity and paths
< B calculation environment Label Zone Nature Selection criteria
| Meshes selection Inlet 1 Inlet 1
L) Mesh qualty criteria outlet 2 Outlet 34

~ B9 Thermophysical models
|| Caloulation features
[} Defermable mesh [ ]
|| Turbulence models
[} Thermal model
(% Radiative transfers
[} conjugate heat transfer
| species transport B ———

v 5 Physical properties Add || Delete
|| Reference values
| Fluid properties

Symmatry 3 Symmetry |8 or S or 28 or 29 or 38 or 39

Add from Preprocessor listing

L) Grawity Import groups and references from Preprocessor listing
~ B9 volume conditions

[1] Velume regions definition

[ Initialization

|4 coriolis Source Terms
~ [ Boundary conditions

=

|_4 Boundary conditions
b £ Numerical parameters
b £ calculation control
P £ calculation management

Figure VI.48: Creation of a wall boundary region

INote that, due to the joining process, there are in fact no boundary faces of color 24 with x coordinate outside the
[0.1;0.5] interval. The geometrical criterium is therefore not necessary. It is presented here to show the capacity of the
face selection module.
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Define the other wall boundary zones. The faces of color 6 have to be divided in two separate zones,
based on a geometrical criterium on y.

File Tools Window Help

g

EdOok &

Study: [FULL_DOMAIN

Case:

[cas2

XML file: /local00/home/19595 5/F ORMATION_SATURNE/NOV201 2/TUTO/FULL_DOMAIN/CAS 2/DATA/case 2.xmI

(=1E)

L1 Identity and paths
<

Calculation environment
[C) Meshes selection

|| Mesh quality criteria
Thermophysical models
|_) calculation features
[) Deformable mesh

[) Turbulence models
[) Thermal model

|4 Radiative transfers
|| conjugate heat transfer
|_) species transport

= B9 Physical properties

1] Reference values
LI Fluid properties
[ Gravity

= [ volume conditions

[} Volume regions definition
) Initialization

|14 Coriolis Source Terms
Boundary conditions

L]
(] Boundary conditions

b [EJ Numerical parameters
b £ calculation control
P £ calculation management

Figure VI.49:

Label
outlet
symmetry
Wall_1
Wall_2
Wall_3
Wall_4
Wall_s

Zone

2
3
4
5
6
7
8

Nature
outlet
symmetry
Wall
wall
Wall
Wall
wall

Definition of boundary regions

Selection criteria
3
8 or 9 or 28 or 29 or 38 or 39
24and 0.1<=xand 0,5>=x
2or3
dor7or2l or22or23
6and Y=L
6andY <=1

Add || Delete

Add from Preprocessor listing

Import groups and references from Preprocessor listing

Creation of wall boundary regions

BJ

(—
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The dynamic boundary conditions are the same as in case 1 for the inlet, and there are still no sliding

walls.

‘ - Inlet:

File Tools Window Help

D@ & 0 B

@@

Study  [FULL DOMAIN

case: [cAs2

XML file: [f\uca\DDJ'humEfI95QSSIFORMATION_SATURNEINOVZDI2!TUTO,’FULL_DOMA\NICAS2!DATNC8592.xm\

[ERES)

|4 identity and paths
< B9 calculation environment
[_] Meshes selection
[ ] Mesh quality criteria
- Thermophysical models
|| calculation features
|_] Deformable mesh
| Turbulence models
|| Thermal model
|4 Radiative transfers
| tonjugate heat transfer
| species transport
~ [B5 Physical properties
|| Reference values
|| Fluid properties
[[] Gravity
~ [ Volume conditions
| volume regions definition
| Initialization
|4 Coriolis Source Terms
< [ Boundary conditions
|| Definition of boundary regi...
3 D Numerical parameters
b [ calculation control
b [ calculation management

[>

Wa\l:ﬂ 6 wall 6andY =1
Wall_5 7 wall 6 and Y ==1
Wall_6 8 wall 31 or 33
Velocity
[r\urm c] [1.0 ] m/s
Direction [specwﬁed coordinates < ]
iz v[es S
Turbulence
Calculation by hydraulic diameter ] il

Thermal

Species

scalar2 ¢

Hydraulic diameter m

Type | Prescribed value il

Walue

w
o
=1
'8

Type |Prescribed value ) A

Ve

<]

Figure VI.50: Dynamic variables boundary: Inlet
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- Outlet:

File Tools Window Help

I E®»ek [

@@

Study  [FULL DOMAIN

case: [cAs2

XML file: [f\uca\DDJ'humEfI95QSSIFORMATION_SATURNEINO\:QDI2!TUTO,’FULL_DOMA\NICAS2IDATNc3592.xm\ ]

[ERES)

|4 Identity and paths
< B9 calculation environment
|| Meshes selection
|| Mesh quality criteria
- Thermophysical models
|| caleulation features
|| Deformable mesh
|| Turbulence models
|| Thermal model
|4 Radiative transfers
|| Conjugate heat transfer
Ll Species transport
~ [B5 Physical properties
|| Reference values
|| Fluid properties
L] Gravity
~ [ Volume conditions
|| Volume regions definition
|| Initialization
[,;, Coriolis Source Terms
< [ Boundary conditions
|| Definition of boundary regi...
Boundary conditions
3 D Numerical parameters
P £ calculation control
b [ calculation management

Boundary conditions

Label Zone Nature Selection criteria ‘
Inlet 1 inlet 1

2
Wall_1 4 wall 24 and 0.1==x and 0.5>=x
Wall_2 5 wall 2o0r3
Wall_4 6 wall 6andY =1
Wall_5 7 wall 6 and Y <=1
Wall_8 8 wall 31 or 33
Thermal for backflow

Type |Prescribed flux C] | 'O_/ ‘

Species for backflow

E2

Flux

Figure VI.51: Dynamic variables boundary: Outlet
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To configure the scalar boundary conditions on the walls, select individually each wall in the Boundary

conditions item.

On all the walls, a default homogeneous prescribed flux is set for temperature, and prescribed
values are specified for the passive scalar, named scalar2, according to the following table:

[ Wall |

Nature

‘ Scalar?2 value ‘

wall_1

Prescribed value

0

wall_2

Prescribed value

5

wall_3

Prescribed value

0

wall_4

Prescribed value

25

wall_b

Prescribed value

320

wall_6

Prescribed value

40

file Tools Window Help

D&eEdeB B

Study.  [FULL_DOMAIN

case: [cas2

XML file: [0cal00/home/19595 5/F ORMATION_SATURNE/NOV201 2/TUTO/FULL_DOMAIN/CAS 2/DATA/Case 2.xmI

=]
— =

®
Boundary conditions
b Identity and paths
- Calculation environment Label Zone Nature Selection criteria
[} Meshes selection Inlet L inlet 1
|_) Mesh quality criteria Outlet 2 outlet 2
< BS Thermophysical models wall_1 a wall 24 and 0.1<=xand 0.5>=x
[ calculation features Wall_2 5 wall 20r3
Deformable mesh Wwall_3 L] wall 4or7or2l or22or23
= wall_a 7 wall 5and Y >1
7] Turbulence models
L} Thermal mode| wall_s 9 wall 3l or3z
|_4 Radiative transfers -
|| Conjugate heat transfer
|| Species transport
= B9 Physical properties Smooth or rough wall
|Rarerencalvs|las) ® smoothwall O rough wall
| Fluid properties
| Gravity
~ [B9 volume conditions - O shiding wall
(11 Volume regions definition
LI Initialization
4 Coriolis Source Terms
<~ B3 Boundary conditions prenrel
] Definition of boundary regi SN raserivac 2| [ B
B - e a0 K e
P £ Numerical parameters | TempC| & | -
b EJ calculation control
P £ calculation management
Spedes
Tpe |Prescribed value Sl
|scalar2 ¢ |
_— Value 320
@ B

Figure VI.52: Scalars boundaries: wall_5
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Some calculation parameters now need to be defined. Go to the Global parameters item under the
heading Numerical parameters. In our case the Pressure-Velocity algorithm is SIMPLEC.

File Tools Window Help

D& ® 0 B

@@

Study  [FULL_DOMAIN J

Case:  [cAs2 ]

XML file: [f\uCa‘ﬂﬂfh[lmEf|95955,’FDRMATlDNfSATURNEfNOVZDlZITUTO,’FULLiDOMA\NfCASZIDATNCSSEZ.XH’I‘ ]

[E3]
Global parameters
dentity and paths Gradient calculation method:
- Calculation environment
|_| Meshes selection Iterative handling of non-orthogonalities 4 ]
|_| Mesh quality criteria
- Thermophysical models Pseudo-coupled velocity-pressure solver O
|| calculation features
|| Deformable mesh Handling of transpeosed gradient and divergence

source terms in momentum equation

|| Turbulence models
|| Thermal model Extrapolation of pressure gradient
|4 Radiative transfers on domain boundary i
|| Conjugate heat transfer
|_| Species transport

~ Physical properties Relaxation of pressure increase

|| reference values
|| Fluid properties

= I RC evity) Improved pressure interpolation in stratified flow O
- B9 volume conditions

|| Volume regions definition
[} Initialization Velocity-Pressure algorithm SIMPLEC &

|4 Coriolis Source Terms
- Boundary conditions
|_| Definition of boundary regi...
|_| Boundary conditions
~ Numerical parameters
B
|4 Equation parameters
|4 Time step
b [ calculation control
P £ calculation management

Figure VI.53: Time step setting




Code_Saturne

EDF R&D Code_Saturne version 3.0.5 tutorial documentation
Page 102/159

Go to the FEquations parameters item under the heading Numerical parameters. You can define the
maximum and minimun value for the TempC and for the scalar2 scalars.

File Tools Window Help

D& ™ B

@@

Study  [FULL_DOMAIN J

Case:  [cAS2 ]

XML file: [f\uca\UUJ‘humefl95955]FORMATIONjATURNEfNOVZUlZITUTO,’FULLﬁDOMA\N[CASZIDATNCESEZ.Km\ ]

E3] -
Solver | Scheme | Clipping
|4 Identity and paths
- Calculation environment Minimal Maximal
|} Meshes selection Name value value
_ [] Mesh qu:.a\lty criteria TempC 0 400
- Thermophysical models E -
scalar2 0 400

|| calculation features [l
|| Deformable mesh
| Turbulence models
[_] Thermal model
|4 Radiative transfers
|| Conjugate heat transfer
|| species transport
< [B9 Physical properties
| Reference values
|| Fluid properties
[] Gravity
< [ volume conditions
| volume regions definition
[] Initialization
|4 Coriolis Source Terms
- Boundary conditions
| Definition of boundary regi...
| Boundary conditions
- Numerical parameters
| | Global parameters
|4 Time step
b [ calculation control
b [ calculation management

Figure VI.54: Clipping
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Go to the Time step item under the heading Numerical parameters. In our case the time step is
Constant. Set the number of iterations to 300 and the reference time step to 0.05 (s).

File Tools Window Help
D& ® @ B

@®

Study  [FULL_DOMAIN J

case:  [cAs2 ]

XML file: [f\uca\UUJ‘hUmefl95955]FORMATIONjATURNEfNOWUl2!TUTO,’FULLﬁDOMA\NICAS2IDATNcaSE2.xm\ ]

®
|4 Identity and paths
- Calculation environment Time step option | Constant < ]
|| Meshes selection
|_| Mesh quality criteria Reference time step

v Eeéggslg\s;af‘e::jiz Number of iterations (restart included)
|| Deformable mesh
|| Turbulence models
|| Thermal model Option zero time step ]
|4 Radiative transfers
|| Conjugate heat transfer
|| Species transport

- Physical properties
|_| Reference values
|_| Fluid properties
|| Gravity

< [ volume conditions
|_| Volume regions definition
|| Initialization
|4 Coriolis Source Terms

- Boundary conditions
|| Definition of boundary regi...
|_| Boundary conditions

- Numerical parameters
|| Global parameters
|| Equation parameters

b [ calculation control

b [ calculation management

Figure VI.55: Time step setting
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Go to the Output control item under the heading Calculation control to set the output parameters. In
the Output control item, keep the default value for the output listing frequency.

File Tools Window Help

D& ® 0 B

@@

Study  [FULL_DOMAIN J

Case:  [cAs2 ]

XML file: [f\uCa\OOJ’h{lmEfI95955]FORMATIONfSATURNEfNOVZDlZITUTOIFuLLﬁDOMA\NICASZIDATNCSSEZ.XH’I\ ]

[E3]
Output Contral | Writer | Mesh | Monitoring Points
|4 Identity and paths

- Calculation environment Log frequency
|_| Meshes selection
|_| Mesh quality criteria |
= B9 Thermophysical models Output every 'n' time steps
|| calculation features
|_| Deformable mesh
|| Turbulence models
|| Thermal model
| 4 Radiative transfers
|| Conjugate heat transfer
|_| Species transport
~ Physical properties
|| reference values
|| Fluid properties
|| Gravity
< [ Volume conditions
|| Volume regions definition
] Initialization
|4 Coriolis Source Terms
- Boundary conditions
|_| Definition of boundary regi...
|_| Boundary conditions
= Numerical parameters
|| Global parameters
|_| Equation parameters
|_| Time step
= [B9 calculation control
|4 Time averages

Mo output

|_4 Volume solution control
|_4 Surface solution control
[y Profiles

P £ calculation management

Figure VI.56: Output control: log frequency
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For the Post-processing, go to the Writer item and click on “results“.

File Tools Window Help

OD@E®dQk [

@@

Study  [FULL_DOMAIN

Case:  [cAS2

XML file: [f\uca\UUJ‘hUmEfI95BSSJFORMATIONjATURNEfNOVZUlZITUTO,’FULLﬁDOMA\NICASZIDATNCESEE.xm\

B&

Output Control | Writer | Mesh [ Monitoring Points

|4 Identity and paths

- Calculation environment Name Id Format

Directory

|| Meshes selection
[] Mesh quality criteria
~ [B5 Thermophysical models
|| calculation features
|| Defermable mesh
| Turbulence models
[_] Thermal model
|4 Radiative transfers
|| Conjugate heat transfer
|| species transport
< [B9 Physical properties
| Reference values
|| Fluid properties
[] Gravity
< B9 volume conditions
[ volume regions definition
[] Initialization
|| Coriolis Source Terms
- Boundary conditions
| Definition of boundary regi...
| Boundary conditions
- E Numerical parameters
|| Global parameters
| | Equation parameters
[ Time step
~ [ calculation control
|4 Time averages
|4 Volume selution control
|4 Surface solution control
|4 Profiles
b [ calculation management

results -1 Ensight

postprocessing

=

Figure VI.57: Output control: Writer
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Now you can select the third option in the Frequency (output every ’n’ time steps) item and set the
value of 'n’ to 2. By default, the boundary faces are selected.

File Tools Window Help

LY 1Y

@@

Study  [FULL_DOMAIN J

Case:  [cAs2 ]

XML file: [f\uCa\ﬂﬂfh[lmEf|95955]FDRMAT|DN75ATURNEfNOVZDlZITUTO]FULLﬁDOMNNl‘CASZ’DATNCESEQ.Km\ ]

[ERES)

Output Control | Writer | Mesh [ Monitoring Points }

|4 Identity and paths
< B9 calculation environment
|| Meshes selaction
|_| Mesh quality criteria
- Thermophysical models
|| calculation features
|| Deformable mesh
|| Turbulence models
|| Thermal model
|4 Radiative transfers
|| Conjugate heat transfer
U Species transport
~ [ Physical properties
|| Reference values
|| Fluid properties
D Gravity
< [ Volume conditions
|| Volume regions definition
|| Initialization
u Coriolis Source Terms
< [ Boundary conditions
|| Definition of boundary regi...
|| Boundary conditions
= Numerical parameters
|| clobal parameters [DUtPUt every 'n’ time steps ¢ ] [1
U Equation parameters
U Time step
- Calculation control q
B [ Time averages Time-dependency

4 Volume solution control
| Surface solution control Options
|4 Profiles

» [ calculation management format binary (native) <
polygons | display ¢
polyhedra |display ¢

Name Id Format Directory

results 1 EnSight postprocessing

Frequency

Output at end of calculation

Figure VI.58: Output control: results
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File Tools Window Help

D@0k [

@@

Study  [FULL DOMAIN

Case: [cAS2

XML file: [f\oca\DDJ'hnmEl’I95QSSIFDRMATIDN_SATURNE[NOVZDIZHUTD,’FULL_DOMA\NI'CASZIDATNCQSEZ.Km\

=&

|4 Identity and paths

+ [ calculation environment
|| Meshes selection
|| Mesh quality criteria

< [ Thermophysical models
| caleulation features
|| Deformable mesh
|| Turbulence models
|| Thermal model
|4 Radiative transfers
|| conjugate heat transfer
D Species transport

~ [B5 Physical properties
|| Reference values
|| Fluid properties
D Gravity

~ [ Volume conditions
|| velume regions definition
|| Initialization
D Coriolis Source Terms

~ [ Boundary conditions
|| Definition of boundary regi...
|| Boundary conditions

hd 5 Numerical parameters
|| Global paramsters
D Equation parameters
[] Time step

+ B9 calculation control
[,j Time averages

|4 Volume solution control
| Surface solution control
|4 Profiles

P [ calculation management

output Control | Writer | Mesh [ Monitoring Pmnts}

Name Id Format

results -1 EnSight

Frequen(ﬂ No periodic output

Output every

OQutput every %' seconds

Qutput using a formula

Time-dependency

Options

format

binary (native) S
polygons | display <
polyhedra |display <

Figure VI.59: Output control: frequency
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You can also choose the format. In this case, you will choose the EnSight format.

File Tools Window Help

LUE® @ B

@@

Study  [FULL_DOMAIN J

Case:  [cAS2 ]

XML file: [f\uca\UUJ‘hUmEfI95955]FDRMATIDNjATURNEfNOVZUlZITUTD,’FULLﬁDOMA\NICASZIDATNCESEE.Km\ ]

B&

Output Control | Writer | Mesh [ Monitoring Points }

|4 Identity and paths

- Calculation environment
|| Meshes selection
|| Mesh quality criteria

~ [B5 Thermophysical models
|| calculation features
|| Deformable mesh
|| Turbulence models
|| Thermal model
| Radiative transfers
|| Conjugate heat transfer
D Species transport

< [B9 Physical properties
|| Reference values
|| Fluid properties
u Gravity

< B9 volume conditions
|| volume regions definition
| Initialization
u Coriolis Source Terms

- Boundary conditions
|| Definition of boundary regi...
|| Boundary conditions

Directory

Name

Ensight
MED

results postprocessing

CCM-I0

Frequency
- B Numerica\ parameters
\__‘| Global parameters [Dutput every 'n' time steps o ] [2
\-—,l E.quat\un RAAMELAE Output at end of calculation
[ Time step

- Calculation control
B = Time-dependency
|4 Time averages

Volume solution control

LE, Surface solution control Options
|4 Profiles
b [ calculation management format binary (native)

polygens | display
polyhedra | display 3

Figure VI.60: Output control: format
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Go to the Mesh item.

File Tools Window Help

ODE@Edabk [

@@

Study  [FULL_DOMAIN

Case:  [cAS2

XML file: [f\uca\UUJ‘humefl95955]FORMATIONjATURNEfNOVZUlZITUTO,’FULLﬁDOMA\N[CASZIDATNCESEZ.Km\

[ERES)

|4 Identity and paths
- Calculation environment
[_] Meshes selection
[] Mesh quality criteria
- Thermophysical models
|| calculation features
|| Deformable mesh
| Turbulence models
[] Thermal model
|4 Radiative transfers
|| Conjugate heat transfer
|| species transport
~ [ Physical properties
| Reference values
|| Fluid properties
|| Gravity
< [ Volume conditions
| volume regions definition
[ Initialization
|| Coriolis Source Terms
- Boundary conditions
| Definition of boundary regi...
| Boundary conditions
- Numerical parameters
|| Global parameters
| | Equation parameters
[ Time step
~ 9 calculation control
|4 Time averages
|4 volume sclution control
|4 Surface solution control
|4 Profiles
b F calculation management

Output Control [ Writer ‘ Mesh | Monitoring Points

Name Id Type

Selection Criteria

Fluid domain | -1 cells alll]

Boundary -2 boundary faces all[]

=

Figure VI.61: Output control: mesh
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You can click on the Fluid domain Mesh Name item and new options will appear.

File Tools Window Help

LUE® @ B

@@

Study  [FULL_DOMAIN J

Case:  [cAS2 ]

XML file: [f\uca\UUJ‘hUmEfI95955]FDRMATIDNjATURNEfNOVZUlZITUTD,’FULLﬁDOMA\NICASZIDATNCESEE.Km\ ]

B&

Output Control [ Writer ‘ Mesh | Monitoring Points }

|4 Identity and paths
b EEICUIEUU” environment Name Id Type Selection Criteria
|| Meshes selection
|| Mesh quality criteria
~ [B5 Thermophysical models Boundary -2 boundaryfaces all[]
|| calculation features [
|| Deformable mesh
|| Turbulence models
|| Thermal model
| Radiative transfers
|| Conjugate heat transfer
D Species transport
< [B9 Physical properties
|| Reference values
|| Fluid properties
D Gravity
< B9 volume conditions
|| volume regions definition
| Initialization i Variables
D Coriolis Source Terms :
< [ Boundary conditions
|| Definition of boundary regi...
|| Boundary conditions
~ E Numerical parameters Writer
|| Global parameters
D Equation parameters
D Time step
~ [ calculation control
[,g, Time averages
Volume solution control
| Surface solution contral
|y Profiles
b [ calculation management

Fluid domain | -1 cells allf]

=

Auto

Associated Writers

results

=

Figure VI.62: Output control: post-processing
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You can associated a mesh with several writers.

File Tools Window Help

UE® e B

@@

Study  [FULL_DOMAIN

Case:  [cAS2

XML file: [f\uca\UUJ‘humefl95955]FDRMATIDNjATURNEfNOVZUlZHUTD!FULLﬁDOMA\N[CASZIDATNCESEZ.Km\

[ERES)

|4 Identity and paths

< [ calculation environment
|| Meshes selaction
|| Mesh quality criteria

~ [B5 Thermophysical models
|| calculation features
|| Deformable mesh
|| Turbulence models
|| Thermal model
|4 Radiative transfers
|| Conjugate heat transfer
D Species transport

~ [ Physical properties
|| Reference values
|| Fluid properties
D Gravity

< [ Volume conditions
|| volume regions definition
| Initialization
D Coriolis Source Terms

< [ Boundary conditions
|| Definition of boundary regi...
|| Boundary conditions

- B Numerical parameters
|| Global parameters
D Equation parameters
D Time step

~ 9 calculation control
[,‘3 Time averages

B output control

|4 volume sclution control
| Surface solution contral
| Profiles

b F calculation management

Figure VI.63: Output control:associated writers

Output Control [ Writer ‘ Mesh | Monitoring Points }

Name 1d

Fluid domain | -1

Type Selection Criteria

cells allf]

Boundary -2 boundary faces all[]

Variables

Associated Writers

=

Auto

Writer

results

Results_MED
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In this case, chronological records on specified monitoring probes are needed. To define the probes,
click on the Monitoring points Coordinates tab.

File Tools Window Help

D& ® 0 B

@@

Study  [FULL_DOMAIN J

Case:  [cAs2 ]

XML file: [f\uCa‘ﬂﬂfh[lmEf|95955,’FDRMATlDNfSATURNEfNOVZDlZITUTO,’FULLiDOMNNfCASZIDATNCSSEZ.XH’I‘ ]

[ERES)

Output Control ‘ ertar| Mesh | Manitoring Points ‘
| 4 Identity and paths
< B9 calculation environment Menitoring points output
Meshes selection
H Mesh quality criteria [Momtonng points file every 'x' time_value(s) ¢ ] Format
- Thermophysical models
|| calculation features Monitoring points coordinates
|_| Deformable mesh
|| Turbulence models
|| Thermal model
|4 Radiative transfers
|| Conjugate heat transfer
|_| Species transport
~ [ Physical properties
|| reference values
|| Fluid properties
|| Gravity
< [ Volume conditions
|| Volume regions definition
] Initialization
|| Coriolis Source Terms
< [ Boundary conditions
|_| Definition of boundary regi...
|_| Boundary conditions
= Numerical parameters
|| Global parameters
|_| Equation parameters
|_| Time step
= [B9 calculation control
|4 Time averages
0
|4 Volume solution control
|4 Surface solution control
|4 Profiles
P £ calculation management

Figure VI.64: Output control: monitoring points
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Click on “+” and enter the coordinates of the monitoring points you want to define.

For the first probe:

Probe (1) : x =-0.25 (m) ; y = 2.256 (m) ; z

>

0.0 (m)

File Tools Window Help

ODEeE@del 0§

®
Study. [FULL_DOMAIN |
case: [casz |
XML file: | RMATION_SATURNE/NOVZ01 2/TUTO/FULL_DOMAIN/CAS2/DATA/case2.xml |
®

Output Control | Writer | Mesh | Monitoring Points

Monitoring points output

s Identity and paths
< B3 Calculation environment
[} Meshes selection e
() Mesh quallty criteria Monitoring points file every ' time_value(s) &
~ 5 Thermophysical models
1] calculation features Monitoring points coordinates
1] Deformable mesh
0] Turbulence models
1] Thermal model
4 Radiative transfers
] Conjugate heat transfer
7] species transport n x Y z
v [ Physical properties
] Reference values
] Fluid properties
[0 Gravity
< 5 Volume conditions
1] Volume regions definition
[} intialization
7] coriolis Source Terms
~ B3 Boundary conditions
1] Definition of boundary regi
1] Boundary conditions
< B9 Numerical parameters
] Global parameters
1] Equation parameters
0] Time step
~ [ calculation control
[} Time averages
]
L4 Volume solution control
L4 surface solution control
[ Profiles [+ J[ =
b [ Calculation management I —

Figure V1.65: Output controls: monitoring points - 1°¢ point
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Repeat the procedure for the other probes. Their coordinates are indicated in the following table (the
z coordinate is always 0).

’Probe n°. ‘X (m) ‘y (m) ‘
2 0.05 2.25
0.05 | 2.75
0.05 0.50
0.05 |-0.25
0.75 |-0.25
0.75 | 0.25
0.75 0.75

0| 3| O U i=~| W

File Tools Window Help

IE®> 00

Study. [FULL_DOMAIN

Case: [cAs2

@
— ' ®

XML file: [focal00/home/195955/F ORMATION_SATURNE/NOV201 2/TUTO/FULL DOMAIN/CAS 2/DATA/Case 2 xmi

B®

output Control | Writer | Mesh | Menitoring Points

Menitoring points output

[ 1dentity and paths
+ B9 calculation ervironment
Meshes selection —
E Mesh qualty criteria | Monitoring points file every 'x time_value(s) & | Format |.dat & |
= B Thermophysical models
[ calculation features
[_) Deformable mesh
[ Turbulence models
(] Thermal model
[ Radiative transfers
[) conjugate heat transfer
) species transport
~ [ Physical properties 1 0,25 225 o
) Reference values

Monitoring points coordinates

[ Fluid properties 2 0,05 225 o
o L Gravity 3 0.05 275 o
= B9 Velume conditions
[} Volume regions dsfinition 4 0.05 05 g
[ Initialization
1] coriolis Source Terms 5 0,05 0,25 o
< B9 Boundary conditions G 0B 025 o

[ Definition of boundary regi...

[} Boundary conditions 7 0,75 025 0
<~ B Numerical parameters

[) Global parameters

|_J Equation parameters

|| Time step
~ B9 calculation control

[ Time averages

=
|4 Volume solution control
|4 surface solution control S
2 profiles L+ |l =
P [ Calculation management -

Figure VI.66: Output control: monitoring points

Remember to save the xml file regularly.
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Go to the Volume solution control item to define which variables will appear in the listing, the post-
processing and the chronological records.

Uncheck the boxes in front of the Pressure, Tubulent Energy and Dissipation variables, in the Print in
listing column. Information on these three variables will not appear in the output listing anymore.

Uncheck the boxes in front of the Courant number and Fourier number variables in the Post-processing
column. These variables will be removed from the post-processing results.

File Tools Window Help

OD@EdQbk

@@

Study  [FULL_DOMAIN J

case: [cAs2 ]

XML file: [f\uCa\OOJ’h{lmEfI95955]FORMATIONfSATURNEfNOVZDlZITUTOIFuLLﬁDOMA\NICASZIDATNCSSEZ.XH’I\ ]

[E3]
Solution control
|4 Identity and paths

= Print in Post-
- Calculation environment Name Tsam FaEEEa Probes
|_| Meshes selection
|| Mesh quality criteria Pressure [m] 12345678
- Thermophysical models VelocityX 12345678
| | Calculation features VelocityY 12345678
|_| Deformable mesh
M v
[ Turbulence models VelocityZ 12345678
|| Thermal model total_pressure 12345678
[} Radiative transfers TurbEner (W 12345678
= Cum\,.lgate heat transfer Dissip ] 12345678
|_| Species transport
- Physical properties TurbVisc 12345678
|| Reference values Tempt 12345678
| | Fluid properties scalar2 12345678
- Vumf::gndmms Couranthb O 12345678
=
|| Volume regions definition Fourierhb O 12345678

|| Initialization
|| Coriolis Source Terms
- Boundary conditions
|_| Definition of boundary regi...
|_| Boundary conditions
= Numerical parameters
|| Global parameters
|_| Equation parameters
|_| Time step
= [B9 calculation control
|4 Time averages
|| Output control
=
|_4 Surface solution control
|4 Profiles
P £ calculation management

Figure VI.67: Solution control - Output configuration
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Delete all the probe numbers for the total_pressure variable. No chronological record will be created
for this variable.

As for the VelocityX variable, only select probes 1, 2, 6, 7 and 8. Time evolution on the other probes
will not be recorded.

Hle Tools Window Help

O®® QB

Study.  [FULL_DOMAIN ]

case:  [cas2 ]

XML file: [I\uca\OOIhumef\9595SlFORMAT\ONisATURNEINO\QOl2./TUT0.’FULL7D0MA\NJCAS2IDATNCESE2‘XW\ l

[E3]
Solution control
[} 1dentity and paths

== Print in -
~ [ calculation environment Name listing processing Probes
[ Meshes selection
() Mesh qualy criteria Pressure O 12345678
~ B9 Thermophysical models VelocityX 123678
[ calculation features Velocityy 12345678
[} Deformable mesh
B Turbulence modals VelocityZ :1 2345678
[} Thermal model total_pressure i
|4 Radiative transfers TurbEner (m] 12345678
|| conjugate heat transfer Dissip O 12345678
|) species transport
~ [ Physical properties Turbvise 12345678
[[) Reference values TempC 12345678
] Fluid properties scalar2 12345678
L) Grawity
- c thb 12345678
< B Volume conditions ouran M 0
[} Velume regions definition FourierNb ) 12345678

[ Initialization
] coriolis Source Terms
~ [ Boundary conditions
L) Definition of boundary regi...
|_J Boundary conditions
~ B9 Numerical parameters
() Global parameters
|| Equation parameters
(] Time step
~ [ Calculation control
|4 Time averages
|_| output control
L1
| surface solution control
[ 4 Profiles
b £ calculation management

Figure VI.68: Solution control - Probes

Switch to the Calculation management heading to prepare the launch script and run the calculation.
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3 Solution for case3

Only a few elements are different from case?2.

In this case the density becomes variable. Go to the Fluid properties item under the heading, Physical
properties and change the nature of the density from constant to user law.

The user law of the density is defined as following in the Code_Saturne (GUI):

rho = TempC * ( -4.668E-03*TempC - 5.0754E-02 ) + 1000.9 ;

Click on the highlighted icon and define the user law in the window that pops up. Follow the format
used in the Ezxamples tab.

File Tools Window Help

IE®d0k

Study. [FULL_DOMAIN

Case:  [cAs3

@
— ' ®

XML fle: |

Density
[_4 1dentity and paths

~ B9 calculation ervironment ‘ s

[ 14 Meshes selection

[ Mesh quality criteria user subroutine (cs_user_physical_properties) begfiar
< B3 Thermophysical models
Calculation features Viscosity
Deformable mesh
Turbulence models

Thermal model
| Species transport Reference value u|1.83e-05 Pa.s
= B Physical properties »

13 Reference values Specific heat

constant

(57

| constant o

D D EP

| constant Sal

Reference value cp [1017.24 Irkgrk

L
| Gravity
P £ volume conditions
P £ Boundary conditions
P £ Numerical parameters
P [ caleulation control
b [ caleulation management

Figure VI.69: Fluid properties - Variable density
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File Tools Window Help

@0l

Study:  [FULL_DOMAIN ]

case: [cas3 ]

XML file; [Jlocaioomome95055| L) Mathematicalexpression editer

User expression | Predefined symbols [ Exsmp\es‘

[ Identity and paths rho = TempC *(-4.066GE-03*TempC -5.0754E-02) + 1000.5;
= [ caleulation envirenmen
|| Meshes selection
|4 Mesh quality criteria kg/m*
b EJ Thermophysical models
< [ Physical properties
1} Reference values |

B Fluid properties

[ Gravity
Volume conditions Pas

1<

b £ Boundary conditions

P £ numerical parameters
b EJ calculation control

P £ calculation managemen ‘

(=]

reference |8.558-05 me/s

Figure VI.70: Fluid properties - Variable density - User expression
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As the density is variable, the influence of gravity has to be considered. In the heading Physical
properties go to Gravity and set the value of each component of the gravity vector.

gx =0.0; gy=-9.81; gz=0.0

File Tools Window Help

O& 3 @ B

i3]
Study  [FULL_DOMAIN

]
case:  [cAS3

XML file: [f\uca\UUJ‘hUmefl95955]FORMATIONjATURNEfNOVZUl2!TUTO,’FULLﬁDOMA\NICAS3)‘DATNC3522.Km\

®
Gravity
|4 Identity and paths
- Calculation environment 9= Bl P
|| Meshes selection g, [9.81 ms?
|4 Mesh quality criteria
P [ Thermophysical models . mis?
- Physical properties

|4 Reference values
|| Fluid properties

P [ Volume conditions

b £ Boundary conditions

3 D Numerical parameters

b £ calculation control

b [ calculation management

Figure VI.71: Fluid properties - Gravity
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Add a monitoring point close to the entry boundary condition in the Output control item.

| Probe [x (m) |y (m) |z (m)|
[ 9 [-057]225] 0.0 |

File Tools Window Help

LRI

@@

Study  [FULL_DOMAIN J

case: [cAs3 ]

XML file: [f\cca\ﬂﬂj’hnmEfI95QSSIFDRMATIDN_SATURNE[NOVZDIZHUTD,’FULL_DOMA\NICASBIDATNCQSEZ.km\ ]

=&

[ dentity and paths Output Control { wmarl Mesh | Manitoring Points ‘

hd =} Calculation environment Monitoring points output
| Meshes selection

[‘U;I Mesh quality criteria [Mumtunng points file every 'x' time_value(s] ¢ ] Format

I [ Thermophysical models

< [B9 Physical properties Monitoring points coordinates
| Reference values
|| Fluid properties
D Gravity

P [ volume conditions

I £ Boundary conditions

P [ Numerical parameters

~ [B9 calculation control 1 0,25 2,25 0
[,;, Time averages [

Qutput contral

Volume solution control
| Surface solution control L
| Profiles 4 0,05 0.5 0

P £ calculation management : n

2 0,05 2.25 [+]

3 0,05 2,75 0

5 0,05 -0.25 [v]
6 0,75 0,25 o
7 0,75 0,25 [+]

Figure VI.72: New monitoring probe




Code_Saturne

EDF R&D Code_Saturne version 3.0.5 tutorial documentation
Page 121/159

After completing the interface, before running the calculation, some Fortran user routines need to be
modified.

Go to the folder SRC/REFERENCE /base and copy cs_user_boundary_conditions.f90 in the SRC di-
rectory.

e cs_user_boundary_conditions.f90:

In this case, cs_user_boundary_conditions.f90 is used to specify the time dependent boundary condition
for the temperature. Refer to the comments in the routine or to the Code_Saturne user manual for
more information on this routine.

In our case, you need to identify the boundary faces of color ’1°.

The command call getfbr(’1’,nlelt,lstelt) will return an integer nlelt, corresponding to the
number of boundary faces of color 1, and an integer array lstelt containing the list of the nlelt
boundary faces of color 1.

e Remark: Note that the string 1’ can be more complex and combine different colors, group
references or geometrical criteria, with the same syntax as in the Graphical Interface.

For each boundary face ifac in the list, the Dirichlet value is given in the multi-dimension array
rcodcl as follows:

if (ttcabs.1t.3.8d0) then
do ielt = 1, nlelt
ifac = 1lstelt(ielt)
rcodcl(ifac,isca(1),1)
enddo

else

do ielt = 1, nlelt
ifac = 1lstelt(ielt)
rcodcl(ifac,isca(1),1)
enddo

endif

20.d0 + 100.dO*ttcabs

400.4d0

isca(1) refers to the first scalar and ttcabs is the current physical time.

See the example cs_user_boundary_conditions-base.f90 file in the subdirectory SRC/EXAMPLES to
complet correctly your boundary conditions for this case3.

e Remark: Note that, although the inlet boundary conditions for temperature are specified in the
cs_user_boundary_conditions.f90 file, it is necessary to specify them also in the Graphical Interface.

The value given in the Interface can be anything, it will be overwritten by the Fortran
routine.

After updating the Fortran file, run the calculation as explained in case2.
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When a calculation is finished, Code_Saturne stores all the necessary elements to continue the compu-
tation in another execution, with total continuity. These elements are stored in several files, grouped
in a yyyymmdd-hhmm/checkpoint subdirectory, in the RESU directory.

In this case, after the first calculation is finished, a second calculation will be run, starting from the
results of the first one.

Go directly on the Start/Restart item under the heading Calculation management. Activate the Cal-
culation restart by clicking the “on” box.

Then click on the folder icon next to it to specify the restart files to use.

File Tools Window Help

D@® O

2 E

@&

Study  [FULL_DOMAIN

case:  [CAS3

XML file: [f\o:a\OOJ’homEl’I95QSSJFDRMATIDN_SATURNE[NOVZOI2F|'UTO,’FULL_DOMA\NI’CAS3.’DATN:aSe2.)<m\

|_4 Identity and paj
= [B9 calculation eny
|| Meshes selg
|4 Mesh qualit;
Thermophysical
~ [ Physical propel
|4 Reference v
|| Fluid proper|
|| Gravity
P [ Wolume conditi
~ [ Boundary cond,
|| Definition of
|| Boundary ci
Numerical parg
< B9 calculation con
|4 Time averag
|| Output cont
|4 Volume solu
|4 Surface soll
|4 Profiles
~ [B5 calculation ma
Re

= Select checkpoint/restant dire

ctony’

Lookin: [ EJ/localoo/hameess...RESU/201210181708 7 | < > L EE
E RESU E checkpoint || preprocessor_02.log
monitering \_/ preprocessor_03.log
postprocessing \_/ setup.log
sre_saturne || summary
|| case2xml
|| compile.log
|| listing
|| mesh_output
|| performance.log
\_| preprocessor_01.log
Directory: [ ] [ Choose l
Files of type: [Diractunes

CH Cancel l

|| Performance tuning
|_| Prepare batch caleulation

Figure VI.73: Start / Restart
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A window opens, with the architecture of the study sub-directories. Open the RESU folder and click

on the folder yyyymmdd-hhmm/checkpoint (where yyyymmdd-hhmm corresponds to the reference of the
first calculation results). Then click on Validate.

Fle Tools Window Help

O&83®» 0 Bk

Study  [FULL_DOMAIN

case: [cas3

XML file: [/\uca\DO/hnmef\95955/F0RMAT\0N75ATURNE/Novzul2/TuT0fFuLL7DOMA\NJCA53/DATA/casez xml

|4 1dentity and paths

~ [ calculation envirenment
[] Meshes selection
|2 Mesh quality criteria

b EJ Thermophysical models

= B Physical properties
[ Reference values
) Fluid properties
) Gravity

P . Volume conditions

~ [ Boundary conditions

Checkpoint/Restart

Calculation restart: ® on O off

Restart directory

RESU/20121018-1708/checkpoint

Calculation on frozen velocity and pressure fields (]

Advanced options |g‘

|| Definition of boundary regi...

|| Boundary conditions
b [ Numerical parameters
5 calculation control

[4 Time averages
[) output control
|4 Wolume solution control
|4 Surface solution control
|2 Profiles

- Calculation management

|| Performance tuning
|| Prepare batch calculation

Figure VI.74: Start / Restart - Selection of the restart directory
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Go to the Time step item under the heading Numerical parameters and change the number of itera-
tions. It must be the total number of iterations, from the beginning of the first calculation.

The first calculation was done with 300 iterations and another 400 iterations are needed for the present
case. Therefore the value 700 must be entered.

File Tools Window Help

DE®d@Ok H

@@

Study  [FULL_DOMAIN J

case:  [CAS3 ]

XML file: [f\uca\DDJ’hUmefl95955]FORMATIONjATURNEINOV2Dl2!TUTO,’FULLﬁDOMA\NICAS3,’DATNcaSE2.)<m\ ]

®
| 4 Identity and paths .
- Calculation environment i) G el |Cunstant hd ‘
|| Meshes selection
|4 Mesh quality criteria Reference time step 0
b Thermophysical models .
= Physical properties Number of iterations (restart included)
|4 Reference values . . "
Fluid properties Time step limitation with O
] RIS the local thermal time step
|_| Grawity
b [ Volume conditions Option zero time step O

hd Boundary conditions
|| Definition of boundary regi...
|_| Boundary conditions
~ Numerical parameters
|4 Global parameters
| 14 Equation parameters

1=}

< B9 calculation control
|_| Time averages
|| output control
|4 Volume solution control
| 4 Surface solution control
|4 Profiles

~ Calculation management
|| start/Restart
|| Performance tuning
|| Prepare batch caleulation

Figure VI.75: Time step

Eventually, run the calculation.
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4 Solution for case4d

This case is similar to case3, with the following differences:

Step 1:
Step 2:
Step 3:
Step 4:

define head losses in the fluid domain,

compute the spatial average of temperature scalar,
parallel computation on 2 processors,

dealing with a user results file.

e Step 1-1: Define the head losses in the Graphical User Interface (GUI).
Go to Volume regions definition under the heading Volume conditions. Click on “Add”, unselect
“Initialization” and select “Head losses” in the box named Nature. In the box named Label, name

the head losses region.

Define the limits of the head losses region in Selection criteria. The associated character string to

enter is as below:

‘0.2 <=2 and 0.4 >=2 and —0.75 <=y and —0.25 >=1y’’

(= case4_fulldomain-visu.xml - Code_Saturne GUI

» Ei Numerical parameters
| Calculation control
| Calculation manage...

)

Click right for context menu

JEE)
File Edit Tools Window Help
&> 0 (e
®
Study: (full_domain
Case: case4
XML file: i6457IFormatiDn-ITECH-CS-Z012/|TECH-CS-nov-2012I€s-3.0 B.x/full_ DATA/cased f xml|
®®
T e Definition of volume regions
. Identity and paths ——r
» & Calculation environ... Label Zone Nature Selection criteria
» £ Thermophysical mo. . all_cells |1 Initialization |all[]
» £ Physical properties
< B Volume conditions
B
) Initialization
(4 Coriolis Source Te...
< B Boundary conditions —_—
) Definition of boun... | Add || Delete
) Boundary Add from Prepi listing
PN eTica[paraMEtats Import groups and references from Preprocessor listing i)
» £ Calculation control =
» £ Calculation manage...
a————— ]
= cased_fulldomain-visu.xml - Code_Saturne GUI [R[=]EI
File Edit Tools Window Help
OE® 0B e il
Study: (full_domain
Case: [case4
XML file: !6457/F0rmation-lTECH-CS-Z012/ITECH-Cs-nov-zolzlcs-s 0.B.x/full_ DATA/cased_f .xml,
28
o Definition of volume regions
i e e Label Zone Nature Selection criteria
» £ Calculation environ...
» £ Thermophysical mo... allcells 1 Initialization all[]
» £ Physical properties 5 Initialization ]
~ B3 Volume conditions )
Momentum source
e e 5 term
L Initialization
O Thermal source term
) Head losses
N L _ [ Scalar source term |8
L Coriolis Source Te... ——————————
& Boundary conditions | Add || Delete
[0 Definition of boun... Add from Preprocessor listing
B Boundary conditions Import groups and references from Preprocessor listing (&

Figure VI.76: Creation of head losses region
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e Step 1-2: Specify the head losses coefficients «;;.

To specify the head losses coefficients go to the Head losses item and select the name of the head losses
volume region. In this example, the coefficient is isotropic so that we use the same value for each «;;.
Please note that o;; = 2 x Kj;, therefore if K;; = 10%, o;; = 2 10%.

= case4_fulldomain-visu.xml - Code_Saturne GUI JaEe
File Edit Tools Window Help

Ieden (S E

Study:  [full_domain ]

Case: [cased ]

XML file: }6457IFormation-ITECH-CS-ZOIZIITECH-CS-nov-20121c5-3.0.B.x/full_ i DATA/case4 in-vi .xml]

CE]
Select volume zone for head losses

L Identity and paths Label Zone Selection criteria

b B Calculation environ...
v EJ Thermophysical mo...
» £ Physical properties
~ B3 Volume conditions

[ Volume regions d...

) Initialization Tensor coefficients
[ | Head losses coefficients: K; = 0.5 o |U]

B Coriolis Source Te.... ax [60000.0 | av[60000.0 | o2z [60000.0]
~ B3 Boundary conditions

[ Definition of boun... [ Reference frame transformation matrix

LI Boundary conditions
» EJ Numerical parameters
» E. Calculation control
» £ Calculation manage...

Figure VI.77: Head losses coefficients

e Step 2: compute the spatial average of temperature TempC
The computation of the spatial average is done in the cs_user_extra_operations.f90 routine.

e Remark: Refer to the example files in the subdirectory SRC/EXAMPLES which names are:

cs_user_extra_operations-energy_balance.f90
cs_user_extra operations-extract_ld_profile.f90
cs_user_extra operations-force_temperature.f90
cs_user_extra operations-global_efforts.f90
cs_user_extra_operations-parallel_operations.f90
cs_user_extra_operations-print_statistical_moment.f90

To correctly complet your cs_user_extra_operations.f90 routine (copied in the SRC directory), you
can use mainly these examples files: cs_user_extra operations-print_statistical moment.f90
and cs_user_extra_operations-extract_ld _profile.f90.

e Step 3: choose a computation with 2 processors

This modification will be done in the Prepare batch analysis item.

To run the calculation on two processors, simply change the number of processors indicator to 2. The
launch script will automatically deal with the rest.
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= case4_fulldomain-visu.xml - Code_Saturne GUI HE)
File Edit Tools Window Help
OIEdQ0Bi 6 eIl

8 ®|
Study: [full_domain ]
Case: [cased ]
XML file: 6457 /Formation-ITECH-CS-2012/ITECH-CS-nov-2012/cs-3.0.B.x/full_ DATA/case4_{ in-visu.xmi|

EE]

-~ Script file
L: Identity and paths

» E. Calculation environ...
v B Thermophysical mo... c
» £, Physical properties

Select the script file (] runcase

script

~ B Volume conditions Run type |Standard 2
L Initialization . =
[ Head losses Advanced options &
L) Coriolis Source Te... N
~ B Boundary conditions I el :
L) Definition of boun... Start calculation

|} Boundary conditions
» EJ Numerical parameters
~ B3 Calculation control
[, Time averages
|s Output control
(2 Volume solution c...
|4 Surface solution c...
(s Profiles
~ B3 Calculation manage...
L Start/Restart
|| Performance tuning

Figure VI.78: Number of processors

e Step 4: dealing with a user results file “moy.dat”
The new user file “moy.dat” created by cs_user_extra_operations.f90 will be written directly in the
yyyymmdd-hhmm results subdirectory created at the end of the computation in the RESU directory.

e Remark : We do not have to specify the name of the new user file in the Graphical User Interface
(GUI), like in previous Code_Saturne versions.

The name of the new user file had to be identified in the launch script in order to be automatically
copied in the RESU directory, this is not requested.

- ParaView 3.14.1 64-bit =)
File Edit View Sources Filters Tools Macros Help

©&BE»alg?

H @ & [@solid Color [-]|

EOUPR®LE
Pipeline Browser

(% KD > Tme:p2s  [36 [J
[-) [Representation|-] ' B8 3 28 8% 8% x4 24 83 ) G

Layout #1x | + |

f builtin:
F@RESULTS.case - CASE4
@ ExtractBlock1-fluid
@ CellDatatoPointDatal
®Glyphl
@ Text : Headlosses
7@ RESULTS.case - CASE3
@ ExtractBlock2-fluid
@ CellDatatoPointData2

EI A=

(KRR

| Proper... | Display | Inform

Display

View
[1Visible

N
S, T—

Figure VI.79: User results files
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5 Solution for case5

The first thing to do before running Code_Saturne is to prepare the computation directories. In this first
example, the study directory “T_junction” will be created, containing a single calculation directory
caseb. This is done by typing the command:

$ code_saturne create -s T_junction -c caseb

Open the Code_Saturne interface
e Open a new case

Check the name of the mesh

Select a k- model

Use a thermal scalar in Celsius degrees

In the item Initialization under the heading Volume conditions, set the initial value of the temperature
in the domain to 38.5°C. Initialize the turbulence with the reference velocity 0.03183 m.s~!.

(= case7_stratif.xml - Code_Saturne GUI - 3.0.0-betaR4445 @]ET|
File Edit Tools Window Help
OLE>»QB:5 @ S

(=]E)

Study: [stratif_junction ]

Case: [case‘! ]

XML file: [flocalOOIhomeIBlS45 T tuto/stratif_junction/case7/DATA/case7_stratif xml ]

®
— | Reference pressure

4 Mesh quality criteri )
- El'hef:\og:;slicy;:\:c;:s Reference value for total pressure [101325.0 Pa

|| Calculation features A
Ref locit:
| Deformable mesh erence velocity

1| Turbulence models Reference value for velocity [0.03183 mj/s

|| Thermal model
|| Radiative transfers 1 Relersntellength

[] Conjugate heat transfer |~ Reference length | Automatic ¢ | m

|| Species transport (used for initialization of turbulence)
~ 5 Physical properties
=
(2 Fluid properties Code_Saturne key word: PO
L2 Gravity
b B Volume conditions
Lb B Raundarv canditinne [~
@ m [2)

Figure VI.80: Thermophysical models - Initialization
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In the item Fluid properties, under the heading Physical properties, enter the following information:

] Variable \ Type \ Value \
Density user law 998.671 kg.m =3
Viscosity user law [0.445 x 10~% kg.m~T.s~ 1

Specific Heat Constant | 4182.88 J.kg~1.°oC™!

Thermal Conductivity | Constant| 0.601498 W.m 1. KT

For density and viscosity, the value given here will serve as a reference value (see user manual for
details).

(= case7_stratif.xml - Code_Saturne GUI - 3.0.0-betaR4445 =)
File Edit Tools Window Help
DTE&x0B a ¢ [ g

2 ®

Study: [stratif_junction ]

Case: [case‘! ]

XML file: [IlocaIOOIhome]B164571’tutolstratif_junctionlcase‘l,’DATAlcase?_stratif.xml ]

®
Densit
[4 Meshes selection @ y" | A~| ‘§|
[ Mesh quality criteria (user ‘aw = =)
< [ Thermophysical models 0 Reference value p |998.671 kg/m?
[ ] Calculation features
|| Deformable mesh Viscosity
[ Turbulence models {user law ;“ ‘@‘
|| Thermal model . S
[ Radiative transfers Reference value u (4.45e-05 Pas
[ Conjugate heat transfer | -
|| Species transport 1 Specific heat .
~ B3 Physical properties | constant :) (8
FiReferencelvalues Reference value cp (4182 88 IikglK
=
Lo Gravity Thermal conductivity
» Ei Volume conditions | tant A“ %
» B Boundary conditions B (constan 2
» Ei Numerical parameters Reference value A (0.601498 Wim/K
» B Calculation control o)
(=] [ [

Figure VI.81: Physical properties: fluid properties
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For the density and viscosity, enter the expressions of the user laws as showed in figures VI.82 and
VI.83, in the windows poping while clicking on the highlighted boxes.

= case7_stratif.xml - Code_Saturne GUI - 3.0.0-betaR4445 LWLed
File Edit Tools Window Help
I E®3x0k:a ¢ g
)
Study: [stratif_junction ]

Case: [:ase? ]

XML file: [IIocaIOOIhomelBlG%'J'Itutolstratif_junctionlcase'.’.'DATAIcase?_stratif.xml ]

®
Densit
[ Meshes selection = y[ . .
i Mesh [ Mathematical expression editor
~ B Thermol 671
) Caleul ||User expression‘ Predefined symbols | Examples
[ Defor
| Turbu A = -4.0668e-3; s
O Therm | B = ~5.0754e-2;
[ Radiaf | |© = 19009 150-05 Pa.s
2 rho = TempC * (A*TempC + B) + C ;
|1 Conju
|| Specig —
~ B3 Physical | [&2)
|| Refere 88 IikglK
B
Li Gravity Thermal conductivity
» B Volume conditions [ tant ,] |7|
» Ei Boundary conditions constan o =
» B Numerical parameters Reference value A |0.601498 W/m/K
» B Calculation control

@i " B

Figure VI.82: Variable density

L] case’_stratif.xml - Code_Saturne GUI - 3.0.0-betaR4445 Lol
File Edit Tools Window Help
L EBMOB o6 e Sl
B8
= Mathematical expression editor

Study:  |stratif_junction
User expression| Predefined symbols Examples
Case: case7

§ AM = -3.40668e-9;
XML file: |/localo0/home/B16| | |5, — 6.2332e-7;
CM= —-4.557e-5;
DM = 1.6935e-3;
|, Meshes selection mu = TempC * (TempC * (AM*TempC + BM) + CM, +DM;
|4 Mesh quality criteria

~ B8 Thermophysical models
|| Calculation features
L) Deformable mesh = pwiscosity
|| Turbulence models

user law & Br
[} Thermal model [ ]
[ Radiative transfers Reference value | |4.45e-05 Pa.s

[1] Conjugate heat transfer
['| Species transport Specific heat R
~ [ Physical properties constant 3] |_/‘
] Reference values

B Reference value Cp JIkg/K

ElGTHNIt . Thermal conductivity
» Ei Volume conditions = ,] |7|
» B Boundary conditions constan Y=

» Bi Numerical parameters Reference value A |0.601498 W/m/K
» B Calculation control

@ w >

<[

Figure VI.83: Variable viscosity
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The aim of the calculation is to simulate a stratified flow. It is therefore necessary to have gravity. Set
it to the right value in the item Gravity, hydrostatic pressure. In order to have a sharper stratification,

the pressure interpolation method will be set to improved.

(= case7_stratif.xml - Code_Saturne GUI - 3.0.0-betaR4445
File Edit Tools Window Help

DE®3Qki s i

=g

Study: [stratif_junction

Case: [case‘!

XML file: [IlocaIOOIhome]B164571’tutolstratif_junctionlcase‘l,’DATAlcase?_stratif.xml

@®

. = Gravity
4 Meshes selection =

[ Mesh quality criteria

< B3 Thermophysical models ml gy m/s?
[ ] Calculation features 5
[) Deformable mesh 9: it

|| Turbulence models
|| Thermal model
|| Radiative transfers
) Conjugate heat transfer
|| Species transport
~ 8 Physical properties
[ Reference values
[) Fluid properties
B
» Ei Volume conditions
» Eu Boundary conditions
» EJ Numerical parameters
» B Calculation control
@ m

(]

Figure VI.84: Fluid properties - Gravity
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Go to the item Definition and initialization under the heading Additional scalars to specify the minimal
and maximal values for the temperature: 18.26°C and 38.5°C. Note that the initial value of 38.5°C
set earlier is properly taken into account.

= case7_stratif.xml - Code_Saturne GUI - 3.0.0-betaR4445
File Edit Tools Window Help

LE@E>0k:5 ¢

Lok

J

ElE]

Study: [stratif_junction

Case: [case‘.l

XML file: [IlocaIOOIhomeIB16457Itutot’stratif_junctionlcase'h’DATAlcaseT_stratif.xml

B ®

< B3 Volume conditions

< B3 Boundary conditions

~ B8 Numerical parameters

< 39 Calculation control

< B3 Calculation management

[ Gravity @ Solver | Scheme Cllpplng‘

Minimal
[ Volume regions definition Name value
|4 Initialization TempC 18,6

|4 Coriolis Source Terms

|| Definition of boundary ...
[-] Boundary conditions

|| Global parameters
L
|| Time step

[ Time averages
[} Qutput control
|11 Volume solution control | =
] Surface solution control
|| Profiles

| Start/Restart
[] Performance tuning
| Prepare batch calculation || |

Maximal
value

38,5

Figure VI.85: Scalar initialization
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Create the boundary regions.

Colors | Conditions
2 inlet
6 inlet
7 outlet
5 wall
(m case7_stratif.xml - Code Saturne GUI - 3.0.0-betaR4445 m[=]Es
File Edit Tools Window Help
OCEdx0B:6 ¢ 3 S
®
Study: [stratif_junction ]
Case: [case'f ]
XML file: [IIocaIOthome]BlStlS'J'ftutolstratif_junctionlcase‘!lDATAIcase'I_stratif.xml ]
®
- = Definition of boundary regions
|| Calculation features = Label | Z Nat selecti iteri
. Deformable mesh a .e one Nature election criteria
[ Turbulence models cold_inlet 1 Inlet 2
) Thermal model L wall 2 wall 5
[ Radiative transfers hot inlet 3 Inlet 6
B COI"I]I:,IgatE heat transfer outlet 2 outlet 7
|| Species transport
~ 3 Physical properties
] Reference values _——
[ Fluid properties 3 \A—dd| {%4\
L) Gravity Add from Preprocessor listing
< B iti - =)
Volume condn:.lons o Import groups and references from Preprocessor listing =]
|4 Volume regions definition e
|4 Initialization
|4 Coriolis Source Terms
~ [8 Boundary conditions
B
| Boundary conditions o
(@ " DN

Figure VI.86: Boundary regions
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For the dynamic boundary conditions, the velocity is 0.03183 m.s~! in the z direction and the hydraulic
diameter 0.4 m for both inlets.

(= case7_stratif.xml - Code_Saturne GUI - 3.0.0-betaR4445 =]
File Edit Tools Window Help
ODEX»OH 49 i <)
@ ®

Study: [stratifjuncticn ]

Case: [case7 ]

XML file: [[Ioca 100/home/B16457 ftuto/stratif_junction/case7/DATA/case7_stratif.xml ]

Boundary conditions
Label Zone Nature Selection criteria

~ B Thermophysical models =
[| Calculation features
[ Deformable mesh
) Turbulence models
) Thermal model
[| Radiative transfers
[) Conjugate heat transfer
[ Species transport :
~ B3 Physical properties
[} Reference values Velocity
[ Fluid properties [norm ¢|[0.03183 | mis
[ Gravity ) o -
< B9 Volume conditions Direction |specified coordinates o)
[4 Volume regions definition
[ Initialization X Y z
[ Coriolis Source Terms =
~ B Boundary conditions
|| Definition of boundary ...
B
» EJ Numerical parameters
» EJ Calculation control

> B Calculation management || | Hydraulic diameter m
@ m [ I I >
Click right for context menu

wall 2 “wall 5
hot_inlet 3 inlet 6
outlet 4 outlet 7

Turbulence

\:Calculation by hydraulic diameter c} A

@l

Figure VI.87: Dynamic boundary conditions

(= case7_stratif.xml - Code_Saturne GUI - 3.0.0-betaR4445
File Edit Tools Window Help
OE3QEBio @: S
®
Study: [stratifjunction ]
Case: [case7 ]
XML file: [[IocaI00[homejBls457[tutojstratif_junctionlcase‘l[DATA]case7_stratif.xmI ]
®
Th hysical el @ Boundary conditions =l
- B g;:::liti):)sr:cfaea?:'e: ° [ Label Zone Nature Selection criteria
) Deformable mesh cold_inlet 1 inlet 2
[ Turbulence models wall 2 wall _5
L) Thermal model i
|| Radiative transfers outlet 4 outlet 7
[) Conjugate heat transfer
[ Species transport :
~ B3 Physical properties
[} Reference values Velocity
[ Fluid properties [norm 2 [1_0 ] mis
[ Gravity i = N
< B3 Volume conditions 1 Direction |specified coordinates B

[4 Volume regions definition
[ Initialization 2 v 2
[ Coriolis Source Terms =
~ B Boundary conditions
[) Definition of boundary ...
B
» EJ Numerical parameters
» Ei Calculation control

b EJ Calculation management || | Hydraulic diameter m
@ w [ m [ D]
Click right for context menu

Turbulence

\:Calculation by hydraulic diameter c} A

(e

Figure VI.88: Dynamic boundary conditions
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For the scalar boundary conditions, the temperature of the cold inlet is 18.6°C and that of the hot

inlet is 38.5°C.

- Cold inlet:

File Edit Tools Window Help

DEXQB 9

(= case7_stratif.xml - Code_Saturne GUI - 3.0.0-betaR4445

(Y

2o

Study: [stratifjuncticn

Case: [case7

XML file: [[Ioca l00/home/B16457/tuto/stratif_junction/case?/DATA/case7_stratif.xml

e ®

B®

~ B Thermophysical models
[| 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

[ Initialization
[ Coriolis Source Terms
~ B Boundary conditions
|| Definition of boundary ...
B
» EJ Numerical parameters
» EJ Calculation control
» B Calculation management

|1 Volume regions definition||

B

Velocity
[norm

<|[0.03183

[specified coordinates B ml

voo |z

Direction
x

Turbulence

\:Calculation by hydraulic diameter c} X

Hydraulic diameter m

Thermal
Type {Prescribed value

|~m, Value

@l

(& D [

m I [3)

Figure VI.89:

Temperature boundary conditions

- Hot inlet:

File Edit Tools Window Help

(= case7_stratif.xml - Code_Saturne GUI - 3.0.0-betaR4445

UOE)

ODE®0k 49 il %)
®
Study: [stratifjuncticn ]
Case: [case7 ]
XML file: [[IocaI00[homejBls457[tutojstratif_junctionlcase‘l[DATA]case7_stratif.xmI ]
® B
~ B Thermophysical models = Velocity
[| Calculation features \'norm c} [1.0 ] mjs
[ Deformable mesh i T 4
[ Turbulence models Direction |specified coordinates B

) Thermal model
[| Radiative transfers
[) Conjugate heat transfer
| Species transport
~ B3 Physical properties
|| Reference values
[ Fluid properties
[) Gravity
~ B Volume conditions

[ Initialization
[ Coriolis Source Terms
~ B Boundary conditions
|| Definition of boundary ...
B
» EJ Numerical parameters
» EJ Calculation control
» B Calculation management

|1 Volume regions definition||

voo | zho |

Turbulence

\:Calculation by hydraulic diameter c} g

Hydraulic diameter m

Thermal
Type | Prescribed value o &
TEmC S value

(& D [

Click right for context menu

Figure VI.90: Temperature boundary conditions
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Tick the appropriate box for the time step to be variable in time and uniform in space. In the boxes
below, enter the following parameters:

Parameters of calculation control
Number of iterations 100
Reference time step 1s
Maximal CFL number 20
Maximal Fourier number 60
Minimal time step 0.01 s
Maximal time step 70 s
Time step maximal variation | 0.1

And activate the option Time step limitation with the local thermal time step

(= case7_stratif.xml - Code_Saturne GUI - 3.0.0-betaR4445 Q

File Edit Tools Window Help

I B3Ok G @ &
8®

Study: [stratif_junction ]

Case: [case‘l ]

XML file: [IlocaIOOIhomeIB1645TItutoIstratif_junctionlcase?!DATAIcase?_stratif.xml ]

@ &

| Turbulence models =

[} Thermal model

LI Radiative transfers

|| Conjugate heat transfer

|| Species transport Number of iterations (restart included) |10
= B4 Physical properties L

LI Reference values

[) Fluid properties

Time step option |:Variable

o
=

o
w

Reference time step

o

Maximal CFL humber

Ll Gravity Maximal Fourier number
~ B Volume conditions
[1 Volume regions definition Minimal time step factor

[4 Initialization
|4 Coriolis Source Terms
~ B Boundary conditions
| Definition of boundary ...

Maximal time step factor

Time step maximal variation |0

[/ Boundary conditions Time step limitation with
~ B9 Numerical parameters the local thermal time step
U Global parameters Option zero time step [

|| Equation parameters

=
» E. Calculation control
» B Calculation management

@ DI

Figure VI.91: Time step
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Set the frequency of post-processing for the main writer results to 10.

Create four monitoring probes at the following coordinates:

[} Time step
~ B8 Calculation control
[} Time averages
L
|4 Volume solution control
|4 Surface solution control
|4 Profiles
T

G0

Options
format

polygons |:display

polyhedra |:display J

|:binary (native) ]

Points| X(m) Y (m) Z(m)
1 0.010025| 0.01534 [-0.011765
2 1.625 | 0.01534 |[-0.031652
3 3.225 | 0.01534 |-0.031652
4 3.8726 |0.047481 7.25
[ case7_stratif.xml - Code_Saturne GUI - 3.0.0-betaR4445 =]
File Edit Tools Window Help
IO EmMOBia @ )
®
Study: [stratif_junction ]
Case: [case‘.’ ]
XML file: [llocaIOOIhomeIB16457[tuto[stratif_junction]case?lDATA/case'I_stratif.xml ]
®
[ Species transport @ Output Control ‘ Writer| Mesh ‘ Monitoring Points
~ B Physical properties Name Id Format Directory
] Reference values :
|1 Fluid properties
[ Gravity
~ B3 Volume conditions
|2 Volume regions definition
|4 Initialization = ‘?‘ |?‘
4 Coriolis Source Terms e
~ B3 Boundary conditions Frequency )
|1 Definition of boundary ... \Output every 'n' time steps ¢ [1
= Boun_dary conditions Qutput at end of calculation
~ B8 Numerical parameters
[ Global parameters Time-dependency
|| Equation parameters 3 “m‘l

[I’= " [

Click right for context menu

Figure VI.92: Output management
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([ case7_stratif.-xml - Code_Saturne GUI - 3.0.0-betaR4445 =]
File Edit Tools Window Help
SO e:E 4)
EE

Study: [stratif_junction

Case: [case‘.l

XML file: [IlocaIOOIhomeIB16457Itutot’stratif_junctionlcase‘h’DATAlcaseT_stratif.xml

B ®

~ B8 Physical properties Monitoring points output

B Species transport @ Output Control ‘ Wr|ter| Mesh | Monitoring Points

[fjRefanencelvalues \:Monitoring points files at each time step

c:\ Format |:.dat 3:\

|| Fluid properties

L Gravity . Monitoring points coordinates
< B4 Volume conditions

|4 Volume regions definition
4 Initialization =
|4 Coriolis Source Terms

~ B4 Boundary conditions
|| Definition of boundary ...
) Boundary conditions

~ B3 Numerical parameters
|| Global parameters
|| Equation parameters 3
|| Time step

~ B3 Calculation control
| Time averages

X Y
0,010025 0,01534
1,625 0,01534
3,225 0,01534
3,8726 0,047481

pW N RS

z
-0,011765
-0,031652
-0,031652

=

|4 Volume solution control e

|2 Surface solution control ‘ = | ‘ =

|2 Profiles L
e =

[.|’= " B

Click right for context menu

Figure VI.93: Monitoring points

For the advanced post-processing features, copy the files cs_user_postprocess.c and cs_user_postprocess_var.f90
to the SRC directory. The general content of these routines is described in the user manual or in the
examples available in the directory SRC/REFERENCE/base. The modified routines adapted to this test

case are available in the examples directory. Only the main elements are mentioned here.

e cs_user_postprocess_meshes (in cs_user_postprocess.c)

This is called only once, at the beginning of the calculation. It allows to define the different writers

and parts.

e cs_user_postprocess_var.f90

This routine is called at each time step. It allows to specify which variable will be written on which

part.
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6 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.

2see the installation guide, name install.pdf, in <install-prefix>/share/doc/code_saturne/ directory.
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6.1 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 VI.94: Running the SYRTHES’s IHM with syrthes.gui
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= SYRTHES V 4.0.0 - untitled.syd =[S
File Tools Preferences Help
D EdBFa Run SYRTHES (>, Stop SYRTHES @ Calculation Progress

H_ome Case title : [3di5k52D - thermal conduction - solid alone ]

File Names

» Conduction |

User description of the case }

User C functions

SYRIFES

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 VI.95: Define the dimension and physical modelling of the problem treated

Conduction input file name and location

= SYRTHES V 4.0.0 - untitled.syd

File Tools Preferences Help

&3 b a Run SYRTHES >
Home

e

Stop SYRTHES @ Calculation Progress

Conduction mesh: [3rond2d.syr

=

» Conduction

Radiation =
Restart Fi

User C functions

Select File

[

Control
Output

(7] (<] mECH-CS-nov-2012 | 3disks2D |selid >

0 Weathe

Running options Raccourcis Nom

v Taille Modifié

Conducti| g Rechercher Elusr_examples 15:42
Results n .
@ Récemmen...| ||l
B1B16457 || Makefile 645 octets 15:42
Bureau |2 syrthes.py 543 Kio 15:42
LSysteme d... [ syrthes_data.... 9,5 Kio 15:42 |
Ajouter||Enlever ‘AII Files <
1 |Annuler || Quvrir | |

Figure VI.96: 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 —
Control Resta &D Eormat conversion from "des" to "syr" |
Output O We finished. |
Running options =

Cond [ oK | :

Resul J —] ()

Figure VI.97: 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

(=
File Tools Preferences Help

D &3 BFa Run SYRTHES >

SYRTHES V 4.0.0 - untitled.syd

HOK)

Stop SYRTHES @ Calculation Progress

Home

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

» Conduction Radiation mesh: l

User C functions

Control Restart File : [

Output [ Weather data (optional) : |

Running options

Results names prefix : [resul|

[Conduction output files hames nrefix and lacation

Figure VI.98: 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 ¢

Bl e ey
Boundary condit
Physical propert
Volumetric cond ¥ |Constant ¢
Periodicity

User C functions

Control

Output

Running options

Figure VI.99: 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 raHE]

~ 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 i
Volgm.et_rlc cond Constant ¢
Periodicity
User C functions ¥ |Constant 2
Control Constant ¢
0““"_“ - ¥ |Constant ¢ 3
Running options @ >

Figure VI.100: Define the temperature boundary conditions for the extern face of the three disks.
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(= SYRTHES V 4.0.0 - untitled.syd LIER)
File Tools Preferences Help
D EdBFa Run SYRTHES (>, Stop SYRTHES @ Calculation Progress
H -
Fi?:l\?ames Isotroplc‘ 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
& \:Constant 9}7700 460 25 14 |
Volym.et_rlc cond “m“
Periodicity —
User C functions ¥ \:Constant CJ
Control [a
Output

Running options

Figure VI.101: 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

H

Fi??l\?ames Isotropic Orthotrnpic‘Anisotropic‘

~ Conduction

2 3 . i 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 \:Constant J

Control [a =

Output

Running options

Figure VI.102: 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 =ES|
File Tools Preferences Help
D EdBFa Run SYRTHES (>, Stop SYRTHES @ Calculation Progress
riT:I\Tames Isotropic | Orthotropic Anisotropic‘

~ Conduction
Initial conditions
Boundary condit

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
Control
Output
Running options

¥ {Constanlc}

@ m

Figure VI.103: Define the Physical properties for the disk 3 with anisotropic conductivity.

L]

Physical propert

Volumetric cond

Periodicity
User C functions

Output
Running options

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 VI.104: 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

Initial conditions Frequency of output \Every n time steps c’| [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 VI.105: 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‘

~ Conduction

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

User C functions

Control

Running options

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

Figure VI.106: 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 VI.107: 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 VI.108: 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 VI.109: 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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6.2 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.

=

D@30k 5 ¢

File Edit Tools Window Help

3disks2D-fluid-alone.xml - Code Saturne GUI | =]

:

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 VI.110: Choose the fluid mesh with Code_Saturne (GUI)
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= 3disks2D-fluid-alone.xml - Code_Saturne GUI Lo
File Edit Tools Window Help

OE®»OB 9 ¢ [

L)
Study: [3disks2D ]
Case: [fluid ]
XML file: iocaloo/home/ﬂ16457/Formaticn-|TECH-CS-ZOuIITECH-Cs-nov- 01 i D/fluid/DATA/3disk -fluid-al YI‘\'\ﬂ’
®
flow algorithm
(> Identity and paths M e 9 o]
Calculation environment L""s eacy Tlow =
LI Meshes selection " " N
o o Euls -L Iti-ph:
\ () Mesh quality criteria ierian multi-phase ~
Thermophysical models [°’" “,‘
|
|__B Calculatior e | ]
. Deformable mesh A [Eiffows]
| L Turbulence models |off )

(2 Thermal model
| L Radiative transfers
[ Conjugate heat transfer
| L Species transport
» EJ Physical properties
| » B Volume conditions [off ol
» £ Boundary conditions
| » EJ Numerical parameters
» £ Calculation control [off g
| » B Calculation management

Gas combustion
|off |

Pulverized fuel

Electrical models

Compressible model
[off B

@ m D

Click right for context menu

Figure VI.111: Define the physical modelling associated to the air flow inside the fluid domain.

(= 3disks2D-fluid-alone.xml - Code_Saturne GUI LEX
File Edit Tools Window Help

OEdO0B:is ¢ [l

2®
Study: [3disks2D ]
Case: [ﬂuid ]
XML file: jocaloo/home/B16457/Formation-ITECH-CS-2012/ITECH-CS-nov-2012/3disks2D/fluid/DATA/3disks2D-fluid-alone. xml]

®
Thermal scalar

. Identity and path i
. Identity and paths Temperature (Celsius) <)

Calculation environment
[ Meshes selection

\ L) Mesh quality criteria
Thermophysical models
[ L) Calculation features
[» Deformable mesh

L Turbulence models

B 1Oc
L: Radiative transfers
|, Conjugate heat transfer
\ | Species transport
» B Physical properties
| » EJ Volume conditions
» £, Boundary conditions
| » EJ Numerical parameters
» E. Calculation control
| » B Calculation management

Figure VI.112: Choose the Temperature scalar.
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Figure VI.113: Define the variable density with a ideal gas law

Study: [3disks2D

Case: [fluid

= 3disks2D-fluid-alone.xml - Code_Saturne GUI WU
File Edit Tools Window Help
OIEdQ0Bi 6 eIl
@ ®m)
XML file: !o:alﬂolhome/ﬂ15457/F0rmaticn-ITECH-CS-ZUlZIITECH-CS-nov- 01 D/fluid/DATA/3disk fluid-al vmﬂ’

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
[l Conjugate heat transfer
|} Species transport

< B3 Physical properties
| Reference values
B

Density

[user law

Reference value

Viscosity

| constant

Reference value

Specific heat
[constant

1 |1.83e-05 Pa.s

:]\ 7

Reference value

Thermal conductivity

| Gravity
b EJ Volume conditions
» EJ Boundary conditions
» EJ Numerical parameters
» E. Calculation control
» B C: i

[constant

<) (B2

| Reference value

A 0.02495 W/m/K

= Mathematical expression editor

User expl ion

symbols |

rho = p0 /( 287+ (TempC + 273.0) );

] 3disks2D-fluid-alone.xml - Code_Saturne GUI HEX
File Edit Tools Window Help
[ BE>0F & e

2 ®|

Study: [3disks2D

Case: [ﬂuid

XML file: iocaIOOIhome/B16457/Formation-ITECH-CS-2012/ITECH-CS-n0v-7m D/fluid/DATA/3disk -fluid-al .Xm”’
8
Gravi
(. Identity and paths ty 0.0 2
~ B3 Calculation environment 9 (0 s
[] Meshes selection gy |-9.81 m/s?

LI Mesh quality criteria
~ B3 Thermophysical models
[y Calculation features
|.» Deformable mesh
[ Turbulence models
[} Thermal model
[ Radiative transfers
L) Conjugate heat transfer
[ Species transport
~ B3 Physical properties
() Reference values
L) Fluid properties

B Gravit

» EJ Volume conditions

» £, Boundary conditions

v Ei Numerical parameters

» E. Calculation control

v B Calculation management

g [0.0 mjs?

Figure

VI1.114: Define the gravity

inside the Code_Saturne (GUI).
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Study:  [3disks2D

Case:  [fluid

= 3disks2D-fluid-alone.xml - Code_Saturne GUI WU
File Edit Tools Window Help
OIEdQki 4 e

@ ®m)

D/fluid/DAT/ d-alone. xml|

XML file: IocaIDOIhome/B15457/Formation-|TECH-CS-ZOuIITECH-CS-nov— 01

88

L: Identity and paths

~ B Calculation environment
| Meshes selection Velocity
() Mesh quality criteria

~ B3 Thermophysical models
[J Calculation features
[» Deformable mesh
[ Turbulence models
[ Thermal model
[ Radiative transfers

[ Conjugate heat transfer = Mathematical expression e
|} Species transport

. ] User expression| Predefined symbc «
~ B3 Physical properties

|} Reference values TempC
) Fluid properties
[ Gravity

~ B Volume conditions
|1 Volume regions definition
I li
|4 Coriolis Source Terms

» EJ Boundary conditions

» EJ Numerical parameters

b B Calculation control

» B Calculation management

Volum zone

Thermal

@ D

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

Figure VI.115: Initalization of the velocity components and temperature variables.

= 3disks2D-fluid-alone.xml - Code_Saturne GUI W)
File Edit Tools Window Help
D@30k 6l
®
Study:  [3disks2D )
Case: lﬂuid ]
XML file: |d = Select a Code_Saturne Preprocessor listing </ idisks2D-fluid-alone.xml|
ITECH-CS-nov-2012 | 3disks2D |fluid |
v;g‘:::i Raccourcis - Nom v Taille Modifié = tion criteria
() Me¢ @ Rechercher postprocessing 18:37 ‘
[/ Meg | ®Récemmen... X [
< B Thern & p16457 [ performance.log 1,5 Kio 18:37
5 gal @Bureau L setup.log 796 octets 18:37
[ Turl [ 1Svstame d 2
0 The |Ajouter ‘Enlever Preprocessor log ¢
[sRad
[y Co Annuler
D Sp - listing
~ B9 Physical properties

LI Reference values
() Fluid properties
L) Gravity
~ B3 Volume conditions
LI Volume regions definition
() Initialization
[: Coriolis Source Terms
~ B3 Boundary conditions
‘B Di f i
[s Boundary conditions
» EJ Numerical parameters
» £ Calculation control Sl

@ m D

Figure VI.116: Load the check_mesh.log file inside the Code_Saturne (GUI).
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= 3disks2D-fluid-alone.xml - Code_Saturne GUI Lo

File Edit Tools Window Help

OB o e

Study: [3disks2D

Case: [fluid

XML file: Jocalo0/home/B16457/Formation-ITECH-CS-2012/ITECH-CS-nov-201

D/fluid/DATA/3disk -fluid-alone.xml

88

L: Identity and paths

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

~ B3 Thermophysical models
[J Calculation features
(s Deformable mesh
[ Turbulence models
[ Thermal model
[ Radiative transfers
[l Conjugate heat transfer
|} Species transport
Physical properties
[ Reference values
) Fluid properties
[ Gravity
Volume conditions
|1 Volume regions definition
() Initialization
|4 Coriolis Source Terms
Boundary conditions

L] Y
L Boundary conditions

» E. Numerical parameters

b EJ Calculation control

@ m

of y regions
Label Zone Nature

BC_1 1
BC2 2

Add from

Import groups and references from Preprocessor listing @

Selection criteria
Wall 1
Symmetry 2 or3

[ Add Delete

Preprocessor listing

Figure VI.117: Loading the check_mesh.log file automatically defines the boundary regions.

Figure VI.118: Define a thermal transfer condition as wall boundary condition with a extern wall

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

File Edit Tools Window Help
D@30k 6l

Ho

o

Study: [3disks2D

Case: [ﬂuid

XML file: (o:albolhome/B16457/Formation-ITECH-CS-2012IITECH-C5-nav-7n1

D/fiuid/DATA/3disks2D-fluid-alone. xmi|

L. Identity and paths
~ B3 Calculation environment
[ Meshes selection
L) Mesh quality criteria
Thermophysical models
LI Calculation features
[: Deformable mesh
L Turbulence models
[} Thermal model
L: Radiative transfers
() Conjugate heat transfer
L) Species transport
Physical properties
LI Reference values
|) Fluid properties
L) Gravity
~ B3 Volume conditions
LI Volume regions definition
() Initialization
[: Coriolis Source Terms
~ B3 Boundary conditions
L1 Definition of boundary regions

B
» EJ Numerical parameters
» £ Calculation control

L]

@

Label

Zone Nature  Selection criteria

Smooth or rough wall

1 Sliding wall

Thermal

TempC

© smooth wall O rough wall

Type [Exchange coefficient %
|| Value 30.0
Exchange coefficient |10.0

temperature Teyy = 30°C and a exchange coefficient ey = 10 (W/m?.K).
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File Edit Tools Window Help

O3B o e R

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

e

Study: [3disks2D

Case: [fluid

XML file: iocaloolhome/ﬂ16457/Formaticn-|TECH-CS-ZOuIITECH-CS-nov- 01

D/fluid/DATA/3disks2 D-fluid-al

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

» . Calculation control
» £ Calculation management

@ m

Time step option |Constant

Reference time step s

Number of iterations (restart included)

Time step limitation with
the local thermal time step

Option zero time step (1

Figure VI.119: Define the iterations number and time step.

| L[ Species transport

Physical properties

| [ Reference values

() Fluid properties

L) Gravity

Volume conditions

| [ Volume regions definition
L Initialization

[ L1 Coriolis Source Terms

~ B3 Boundary conditions

| L Definition of boundary regions
[ Boundary conditions

Numerical parameters
[ Global parameters

| [ Equation parameters
[ Time step

Calculation control

[ Time averages

S outp

(2 Volume solution control
|4 Surface solution control
(1 Profiles

| » B Calculation management

ar m

(= 3disks2D-fluid-alone.xml - Code_Saturne GUI LEX
File Edit Tools Window Help
OI&E®0Fi 4 e[
CE]
Study: [3disks2D ]
Case: [ﬂuid ]
XML file: jocaloo/home/B16457/Formation-ITECH-CS-2012/ITECH-CS-nov-201 D/fiuid/DATA/3disks2D-fluid-alone.xml]
®
‘ [ Radiative transfers @A Output Control ’W‘ Meh‘ Monitoring Points
[ Conjugate heat transfer Name Id Format Directory

(=]
Frequency

[Output every 'n' time steps BIt

¥ Output at end of calculation

Fixed mesh <

Options

format 'binary (native) -
polygons | display ¢

polyhedra display B

Click right for context menu

Figure VI.120: Define the writer and frequency output inside the Code_Saturne (GUI).
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Figure VI.121: Visualization of the 2D fluid velocity field

e BR»as

KAl >l e o]

BEEET

(W) % = (omme [
E9UEPRDOE

Pipeline Browser

B buitin
@ ﬁRESULTS case
@ @ Fuid domain
@ éCeHDatatuPuintDalal
@
@ [ Glyphl

Objact Inspactor

[ Properties | Display | Infarmation |

(%] visible Zoom To Data
%) Selectable —
~Color

[ Interpolate Scalars

[ Map Scalars

e —
omme o[
Rescale &

Colar by

Ea | |

DRzt Fee -

= ©)

Temperature (°C)
‘IIIIIHI?‘ZIHH?ldIIHIHI26 28HHIH|

20 30

1,

Figure VI.122: Visualization of the 2D fluid temperature field
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6.3 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
[ =R L Run SYRTHES (») Stop SYRTHES@ Calculation Progress
p Case title : [3disk52D - thermal conduction - solid alone| ]
File Names ! 3
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

V 4.0.0

Dimension of the problem : |:2D_cart c|

¥ Conjugate Heat Transfer

(&I m )

Figure VI.123: Activate the conjugate heat transfer for the solid domain.

(= SYRTHES V 4.0.0 - untitled.syd O
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 conditions .
h Name of the CFD code instance References Jser comment:
Boundary condit
¥ Code_SaturneCFD 1

Physical propert
Volumetric cond &
Periodicity =

@ m [>)

User C functions
Control
Output
Running options

|2 E—TE— D)

Figure VI.124: Specify the reference zone for the coupling surfaces with Code_Saturne.
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=

SYRTHES V 4.0.0 - untitled.syd

File Tools Preferences Help

HOK)

D& & @ Run SYRTHES » Stop SYRTHES@ Calculation Progress
Home . . .
File Names Time management  Solver information
~ Conduction Restart Management =
Initial conditions [D Restart calculatior [1 Setting a new restart time(in second) |1.e-6 |

Boundary condit - " "

Physical ti [ Time step managemen
YSIER I PIORC] Global number of time steps : (50000

Volumetric cond

Periodicity Time step : \:Constant c:\
Conjugate heat tra
User C functions Time step (in secc
Output

Running options

Figure VI.125: Change the iterations number and time step for the

solid domain.

=

3disks2D-fluid-coupling.xml - Code_Saturne GUI

File Edit Tools Window Help

OCE®»0k 9 e F

Study: [3disks2D

Case: [ﬂ uid

XML file: bIOO/home/B16457[Formati0n-ITECH-CS-2012IITECH-CS-nov-2012[3di5k52 D/fluid/DATA/3disks2 D-ﬂuid-coupling.xml]

(=]
®

Conjugate heat transfer: Syrthes coupling

~ 5 Physical properties

~ 3 Boundary conditions

~ B Numerical parameters

~ [H Calculation control

D

|_I Calculation features
| Deformable mesh
|2 Turbulence models o 1 4
L) Thermal model

|2 Radiative transfers
L)

LI Species transport

LI Reference values
(I Fluid properties

Verbosity | Visualization = Projection Axis Selection criteria

1

[ Gravity

~ B Volume conditions | Add | | Delete |

LI Volume regions definition
[ Initialization
[+ Coriolis Source Terms

[ Definition of boundary regions
(L) Boundary conditions

[ Global parameters
LI Equation parameters
L) Time step L |

[t Time averages
LI Output control

(I

@

Figure VI.126: Activate the conjugate heat transfer for the fluid domain.
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=
File Edit Tools Window Help
OIEdQki 4 e

3disks2D-fluid-coupling.xml - Code_Saturne GUI

[BE]X

Study: [3disks2D

Case:  [fluid

XML file: A 100/home/B16457/Formation-ITECH-CS-2012/ITECH-CS-nov-201

D/fluid/DATA/3disks2D-fluid- ling.xml

LI Calculation features
(s Deformable mesh
L Turbulence models
[} Thermal model
L: Radiative transfers
) Conjugate heat transfer
L) Species transport
~ B9 Physical properties
L) Reference values
|) Fluid properties
[ Gravity
~ B3 Volume conditions
LI Volume regions definition
() Initialization
[ Coriolis Source Terms
~ B3 Boundary conditions
L) Definition of boundary regions
L=
~ B3 Numerical parameters
[ Global parameters
[ Equation parameters

y
Label Zone Nature Selection criteria

Smooth or rough wall
® smooth wall O rough wall

O sliding wall

Thermal

Type 'Exchange coefficient c} %
0.0
0.0

TempC 2| | Value

() Time step (18
~ B3 Calculation control
[+ Time averages |
[ Output control
[@r w L

Figure VI.127: Change the boundary conditions for the wall temperature.

=1 3disks2D-fluid-coupling.xml - Code_Saturne GUI UEX
File Edit Tools Window Help
DE@eE®dOk a9 ¢ 3

2®
Study: [3disks2D
Case: [ﬂuid

J
)
]

XML file: FIDUIhcmeIB16457IFormation-ITECH-CS-2012IITECH-CS-an-ZDlZ/SdiSkS2 D/fluid/DATA/3disks2 D-fluid-coupling.xml

[ Calculation features el
[s Deformable mesh
(2 Turbulence models
[ Thermal model
[ Radiative transfers
() Conjugate heat transfer
|) Species transport
~ B3 Physical properties
[ Reference values
() Fluid properties
) Gravity
~ B3 Volume conditions
| Volume regions definition
() Initialization
|4 Coriolis Source Terms
< B3 Boundary conditions
|} Definition of boundary regions
L1 Boundary conditions
~ B3 Numerical parameters
[ Global parameters
|1 Equation parameters

Time step option Constant I3

os s

Number of iterations (restart included) 50000

Reference time step

Time step limitation with

the local thermal time step

Option zero time step [

L&
~ B3 Calculation control
[ Time averages
|1 Output control
@ |

Figure VI.128: 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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