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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. The code also includes an engineering module, Matisse, for
the simulation of nuclear waste surface storage.

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 1.3.3. 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 Code_Saturne
Kernel directory:
$CS_HOME/doc/TUTORIAL/TEST_CASES

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.




Part 11

SIMPLE JUNCTION TEST CASE



Code_Saturne

EDF R&D Code_Saturne version 1.3.3 tutorial documentation
Page 10/120

1 General description
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 I1.1. 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.

.1

o inlet

2.0

Downcomer ’ Frame .
outlet

Figure II.1: Geometry of the downcomer

1.3 Characteristics

Characteristics of the geometry and the flow:

Height of downcomer H=3.00m
Thickness of downcomer E;=010m
Diameter of the cold branch | D, = 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 105 Pa:

o density: p = 725.735 kg.m ™3
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e dynamic viscosity: u = 0.895 x 107% kg.m~t.s

-1

e specific heat: O, = 5483 Jkg~'.°C™!

e 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.

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

Coordinates system: cartesian, origin on the edge of the main pipe at the outlet level, on the nozzle

side (figure 11.1)

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”.

2 CASE 1: Basic calculation
2.1 Calculation options

Most of the options used in this calculation are default options of Code_Saturne.
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Figure I1.3: Colors of the boundary faces

— 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

o Outlet: default values

e Walls: default values

Figure II.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
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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
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.

iteration = 1

iteration = 10

‘Temperature (C)

270

208 ¥

145
2 I.—~>
20 x

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

5 4
‘ T
Downcomer| i : : H
= ' 05 .05 : i
Vessel's - - I
S bottom % inlet

;i:i:i,i: L?v'\(/er c%re ;
et ate an
B Be outlet

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 Hy.=1.00m
Width of vessel’s bottom lye =1.00 m
Height of core above the lower core plate | H,;. = 1.00 m
Width of core above the lower core plate | {p;. = 0.50 m
Inlet velocity of fluid V=1m.s"t

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

o dynamic viscosity: u = 0.895 x 107% kg.m~t.s7!

heat capacity: C}, = 5483 Jkg~teCc™!
e Thermal Conductivity = 0.02495 W.m~'. K—!

1.4 Mesh characteristics

Figure III.2 shows a global view of the mesh and some details of the pasting 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 pasting 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 pasting with the Preprocessor of Code_Saturne (in order
to deal with hanging nodes)

Color definition: see figure II1.3

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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34

38/39

21

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 loss, parallelism and spatial average

2 CASE 2: Passive scalar with various boundary conditions
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

2.2 Initial and boundary conditions

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

2could correspond to a tracer concentration for instance
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The boundary conditions are defined in the user interface and depend on the boundary zone.

1

e Flow inlet: Dirichlet condition, an inlet velocity of 1 m.s™", an inlet temperature of 300°C and

an inlet 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

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 < X and X <0.5
wall_2 2 or 3

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

wall_b 6and Y <1

wall_6 31 or 33

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

Colors Conditions
1 Inlet
34 Outlet
2346721222324 3133 Wall
892829 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.

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

In order to paste the separate meshes into a single domain, colors 5, 24 and 32 will have to be pasted
through the Graphical Interface.
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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, folowing 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
kiz /bmmm Points | X(m) | Y(m) [ Z(m)
1 -0.25 | 2.25 0
Core
2 0.05 | 2.25 0
3 0.05 | 2.75 0
4 0.05 | 0.5 0
5 0.05 | -0.25 0
A B 6 | 0.75 [-0.25| 0
7 7 0.75 | 0.25 0
8 0.75 | 0.75 0
5/%6

Figure I11.4: 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 III.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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Figure II1.6:

L.

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

Water velocity field colored by temperature at different time steps - Case 2




Code_Saturne

EDF R&D Code_Saturne version 1.3.3 tutorial documentation
Page 22/120

3 CASE 3: Time dependent boundary conditions and vari-
able fluid density

In this case some boundary conditions will be time dependent and some physycal characteristics of the
fluid will be dependent on the temperature.

3.1 Calculation options

The options for this case are the same as in case 2, except for the variable fluid density:

— Flow type: unsteady flow
— Time step: uniform and constant
— Turbulence model: k — €

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

— Physical properties: uniform and constant (except density)

— 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

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.l1| 24 and 0.1 < X and X <0.5
wall_2 2or 3

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 II1.2 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 II1.2: Boundary faces colors and associated references

3.3 Parameters

All the parameter necessary to this study can be defined through the Graphical Interface, except the
time dependent boundary conditions and the variable density 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 paste the separate meshes into a single domain, colors 5, 24 and 32 will have to be pasted
through the Graphical Interface.

3.4 User routines

The following routines have to be copied from the folder FORT/USER/base into the folder FORT*:
usclim.F and usphyv.F.

e usclim.F

This routine allows to define advanced boundary conditions on the boundary faces. Even if usclim.F is
used, all boundary conditions have to be defined in the Graphical User Interface. Only the conditions
that differ from this first definition need appear in usclim.F. The boundary conditions defined in
usclim.F will replace those specified in the Graphical Interface.

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

{T20+100t for 0 <t <38

T =400 for t > 3.8 (IIL.1)

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

e usphyv.F
This routine allows to specify variable physical properties, density in particular. In this case, the

4only when they appear in the FORT directory will they be taken into account by the code
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Figure II1.7: Time evolution of the temperature at inlet

variation law given as an example in the routine will be appropriate:

p=T.(AT+B)+C

(111.2)

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

Note: in the example routine, the example is protected by a test to prevent any undesired use. Do
not forget to deactivate it.

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.

3.5 Output management

The output management is the same as in case 2, except that a nineth monitoring point will be added,
just at the entry, to monitor the temperature evolution at inlet.

Downcomer

&7
w

Vessel's
bottom

\

Points | X(m)

Z(m)
A 2 1 [-025[225] 0
Core 2 0.05 | 2.25 0
3 0.05 | 2.75 0
4 0.05 | 0.5 0
5 0.05 | -0.25 0
8 6 0.75 | -0.25 0
4 7 0.75 | 0.25 0
7 8 0.75 | 0.75 0
9 -0.5 | 2.25 0

Figure II1.8: Position and coordinates of probes in the full domain

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

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

Eventually, probes will be defined for chronological records, folowing 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.

3.6 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.

3.7 Results

Figure I11.9 shows the time evolution of temperature recorded on each monitoring probe.

T | T T
400 [~ SO S ]

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

Temperature (°C)

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

Figure II1.10 shows the velocity fields colored by temperature in the first run of calculation. Figure
ITI.11 shows the velocity fields in the second calculation (restart of the first one).

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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t=0.1s

T_inlet =24.8C ——

t=3.0s

T inlet = 315C —>{ ]

TR

Temp.C

400
305
210
115
20
t=9.0s

T_inlet =400C ——

Temp.C

400
305
210
115

20

Figure II1.10: Water velocity field colored by temperature and inlet temperature value at different

time steps (first calculation)

(LRI

t=1.5s :
T_inlet =165C —=©

qLnny
T
T
T

t=4.0s
T_inlet =400C ——
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t=20.0s

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 loss, parallelism and spatial average

This case will be run in parallel on two processors. Head loss 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 — ¢

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

— Physical properties: uniform and constant (except density)

— 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:

Label | Color and geometric parameters
wall.1| 24 and 0.1 < X and X <0.5

wall_2 2o0r3

wall_3 4 or 7 or 21 or 22 or 23
wall_4 6and Y >1
wall_b 6and Y <1

wall_6 31 or 33
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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 < X <0.5 Wall
89 28 29 38 39 Symmetry

Table III.3: Boundary faces colors and associated references

4.3 Head loss

To simulate the presence of an obstacle 0.20 m large and 0.5 m high in the vessel, a zone of head
loss will be created in the domain (fig I11.12). The head loss zone is situated between the coordinates
X =02mand X =04 m,and Y = —0.75 m and Y = —0.25 m. The head loss coefficient to apply
is 10* and is isotropic.

= : 03 Y
Downcomer I ol

FZZ Vessel's 0.5 . 05

- Hbottom | e fee ; :
S5 R Lower core 05 .
S olate and | e b

X554 plate and
X core

N7/

7
P
K=ot

<

s

3

;7/(/4 1.0

Domain M2
LA Frame
Obstacle

Figure I11.12: Full domain geometry with the obstacle

4.4 Parameters

All the parameter necessary to this study can be defined through the Graphical Interface, except the
time dependent boundary conditions, the variable density and the head loss that have to be specified
in user routines. The calculation of the spatial average is also defined by a user routine.

Parameters of calculation control
Number of iterations 300
Reference time step 0.05
Output period for post-processing files 2
The calculation will be run in parallel on 2 processors
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In order to paste the separate meshes into a single domain, colors 5, 24 and 32 will have to be pasted
through the Graphical Interface.

4.5 User routines

The following routines have to be copied from the folder FORT/USER/base into the folder FORT®:
usclim.F, usphyv.F, usproj.F and uskpdc.F.

e usclim.F

This routine allows to define advanced boundary conditions on the boundary faces. Even if usclim.F is
used, all boundary conditions have to be defined in the Graphical User Interface. Only the conditions
that differ from this first definition need appear in usclim.F. The boundary conditions defined in
usclim.F 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

T = 400 fort > 3.8 (IIL.3)

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

400 T T T T | L T T T T T I LI
375
350
325
300
275
' 250
g 225
£ 200
g 175
o
= 150

—— Probe 9 (on the inlet)

Lo b b by 1y
9 10 11 12 13 14

—_
W

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

e usphyv.F
This routine allows to specify variable physical properties, density in particular. In this case, the
variation law given as an example in the routine will be appropriate:

p=T.(AT+B)+C (IT1.4)

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

Note: in the example routine, the example is protected by a test to prevent any undesired use. Do
not forget to deactivate it.

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.

e usproj.F

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

Sonly when they appear in the FORT directory will they be taken into account by the code
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average in the present case.

The spatial average of the temperature will be calculated at each time step and the result wrote in
a file named “moy.dat”. The values are saved in order to draw the time evolution of the average
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
example).

Note: usproj.F contains many examples. They should be removed before running the case.

e uskpdc.F

This routine allows to apply head loss on the fluid domain.

The localization of the obstacle is made geometrically, using the coordinates of the centers of the cells.

If XYZCEN(1,IEL) <0.40 and XYZCEN(1,IEL) > 0.20
and XYZCEN(2,IEL) > —0.75 and XYZCEN(2,IEL) < —0.25
then an isotropic head loss coefficient K = 10* is applied:

NCKPDP = 3: the head loss tensor is diagonal

CKUPDC(IELPDC,1) = K« ABS(RTPA(IEL,IU(IPHAS)))
CKUPDC(IELPDC,2) = K« ABS(RTPA(IEL,IV(IPHAS)))
CKUPDC(IELPDC,3) = K« ABS(RTPA(IEL,IW(IPHAS)))

4.6 Output management

The output management is the same as in case 3.

Downcomer
+3 ~
&QZ /\é‘zts:,';‘s Points | X(m) | Y(m) | Z(m)
9' 1 -0.25 | 2.25 0
Core 2 0.05 | 2.25 0
3 0.05 | 2.75 0
4 0.05 | 0.5 0
5 0.05 [-0.25| O
8 6 0.75 1-0.25| O
4s 7 0.75 | 0.25 0
7 8 0.75 | 0.75 0
5//6 9 -0.5 | 2.25 0

Figure II1.14: Position and coordinates of probes in the full domain

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, folowing the data given in figure I11.4.

“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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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.

4.7 Results

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

400

Temperature spatial mean (°C)
2 w
S g

S

Time (s)

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

Figure I11.16 shows velocity fields colored by temperature. The effect of the head loss modeling the
obstacle is clearly visible.
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Figure II1.16: Water velocity field colored by temperature




Part 1V

STRATIFIED JUNCTION

34



Code_Saturne

EDF R&D Code_Saturne version 1.3.3 tutorial documentation
Page 35/120

1 General
1.1 Objective

The aim of this case is to train the user of Code_Saturne 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 IV.1.

R=0

SUPERNIMBUS model (dimensions mm)_/_ /"

¢ :inner diameter R=600

"

R=600

1400 9 400

Gravityl

6000

4000 L1200 |

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 | Dvg, = 4 L.m ™1
Hot branch volume flow rate | Dupy =4 L.m ™1
Cold branch temperature Top = 18.26°C
Hot branch temperature Ty = 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
10° Pa:

e heat capacity: C, = 4,182.88 J.kg='1.°cC™!
e thermal conductivity: A = 0.601498 W.m~1.°cC~!
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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 IV.2.

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

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

— Specific treatment of hydrostatic pressure: activated

— Time step limitation by gravity effects
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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 IV.2 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 Parameters

All the parameter 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.

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
Period of output chronological files| 10

2.4 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
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2.5 User routines

The following routines have to be copied from the folder FORT/USER/base into the folder FORT!:
usphyv.F, usdpst.F, usvpst.F and usmpst.F

e usphyv.F
This routine allows to specify variable physical properties, density and viscosity in particular. In this
case, the following variation laws are specified:

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

where p is the density, T is the temperature, A = —4.0668 x 1073, B = —5.0754x 1072 and C = 1 000.9

For the dynamic viscosity, the variation law is:

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

where p is the dynamic viscosity, T is the temperature, AM = —3.4016 x 107°, BM = 6.2332 x 1077,
CM = —4.5577 x 10~° and DM = 1.6935 x 103

Note: in the example routine, the examples are protected by a test to prevent any undesired use. Do
not forget to deactivate them.

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

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 CHR.ENSIGHT case). 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.

Three Fortran routines will be used:

e usdpst.F
This routine is called only once, at the beginning of the calculation. It allows to define the different
writers and parts.

e usmpst.F
This routine is called at each time step. It allows to redefine the content of certain parts using any
variable, especially the temperature for this case.

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

2.6 Results

Figure IV.3 shows the evolution of the temperature in the domain at different time steps. The evolution
of the stratification is clearly visible.

Figure IV.4 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.

Lonly when they appear in the FORT directory will they be taken into account by the code
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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)
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1

SOLUTION FOR CASE 1

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 CAS1. This is done by typing the command cree_sat -etude T_JUNCTION CAS1.

The mesh files should be copied in the directory MAILLAGE.

The Code_Saturne Graphical Interface is launched by typing the command ./SaturneGUI in the DATA
subdirectory of the CAS1 directory. The following graphic window opens (fig V.1).

Eile Toals

Options

L omaqg

‘ Study name:

Case name:

ML file name:

7 Analysis environment

(] Storage system description
27 Thenmohydraulic parameter:
7 Thenmophysical models

(1 Physical properties

[ Additional scalars

] Lagrangian Medeling
1 Boundary conditions
7 Analysis control

7 Mumerical parameters
£ Caleul management

Figure V.1: User interface
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Go to the File menu and click on New file to open a new calculation data file, as shown in the figure
V.2.

Atirne nser nteriace =7=

File Toals

Open Clrl+ O %§ :ﬂ a g
Mew file  Ctrl+M Stucname:
L—— Case name:

Save Cirl+3 WML file name:
Save as.

Options

1

£1 Analysi
£ Storage system d it Cirl+@
£ Th ic FAFAMETEr:

e

[ Thermophysical models
] Physical properties

7 Additional scalars

7 Lagrangian Modeling
{21 Boundary conditions
7 Analysis control

7 Mumerical parameters

HEEHEEHBA

]

3 Caleul management

Figure V.2: Opening a new file
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The interface automatically updates the following information:

e Study name

e Case name

e Directory of the case

e Associated sub-directories of the case

File Tools

Optians

Study name: T_JUMNCTION
Case name: CAS]

ML file name: D

= Analysis environment
] Identity and paths
[] Solution Domain
[] Definition of the volumin:
21 Thermophysical models
7 Physical properties
(£ Additional scalars
] Boundary conditions
] Analysis control
(2] Mumerical parameters
££7 Caloul management

HEHE

HEBHE

|

— ENrectory of e case

|IDDfusersfguillaudfTUTO_CSfT_JUNCTIONJ’CAS‘I

&

—Associaied sub-directones of e case

Data ’@
Results @
Users subroutines l@
Running scripts ’m

Directory of meshes | MAaILLAGE

Figure V.3: Identity and paths

e —————— e
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Save the case to give a name to the new XML file 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.

File Tools  Options Help

Study name: T_JUMCTIOMN
Caze name: CAS1

ML file name: D

= Analysis environment
[ Identity and paths
[] Solution Domain

Dhireciory of ife case

[l Definition of the volumin: |IUU.-’users.-’guillaud.-’TUTO_CS.-’T_JUNCTION.-’CP.S1

7 Thermophysical models N i< L5
(7 Physical properties
(] Additional scalars
1 Boundary conditions {ASWMMHMSOmeT

7 Analysis control
7 Mumerical parameters

£ Caleul management 'vI

Directory:  Alocald0fusersiguillaud/ TUTO_CSM_JUNCTION/CAST/DATE  — | I
7 THCH

|l |

File name: Icas1| | Save |

Files of type:  SaturneGUI case files ("xml) =1 | Cancel |

B s
1 T

Figure V.4: Saving the XML file



Code_Saturne

EDF R&D Code_Saturne version 1.3.3 tutorial documentation
Page 46/120

The next step is to specify the mesh(es) to be used for the calculation. Click on the item Solution
Domain under the heading Analysis environment. The list of all meshes available in the folder MAIL-
LAGE appears in the window List of meshes. Delete the mesh(es) you will not use!. In this case only
the mesh downcomer.des is needed.

File Tools

FEadoda gy
Study rame: | T_JUNCTION |
Caze name: Eéﬂl
AML file name: W

Ciptiong Help

B £ Analysis environment T MESHESl PERIQING | BYRTHES | STAND—ALONE'
[ Identity and paths

BOUNDARIES | COUPLING BUNNING

] Definition of the volumin: List of meshes:
7 Thenmophysical models
(] Physical properties fdc.des
(7 Additional scalars pic.des

] Boundary conditions
7 Analysis control

£9 Numerical parameters Kl T
£7 Caleul management

Paste meshes: - on 4 off

Warp faces cutting: - on @ off

b -
ﬁ

Figure V.5: Meshes: list of meshes

On this item (Solution Domain) there are three other tabs:

e PERIODIC BOUNDARIES
e SYRTHES COUPLING
e STAND-ALONES RUNNING

They are not used in this case. Keep the default values.

Lthis operation only deletes the selected entries from the list, it does not delete the mesh file in the MAILLAGE
directory
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The item Analysis features under the heading Thermophysical environment allows to define the type
of flow to be simulated. In this case, a steady flow will be chosen.

File Tools  Options

Help

Study nare: T_JUNCTION

Case name:

CAS1
HML file name: | casl =ml

=]

= Analysis environment

D1 1dentity and paths o type

—[1 Solution Domain

'—[7] Definition of the volumin: Steady flow

2 Thenmophysical models Steady flow

Unsteady flow
— Mewti-pizse Treatment

—[] Mobil mesh

L1 Turbulence models
—[1 Thermal model
1 Thenmal radiation

Single Phase Flow

7] mitialization

] Physical properties
7 Additional scalars

£ Boundary conditions G e ~
£ Analysis control
£ MHumerical parameters Off
7 Caleul management
— Prverized Coaf C:
off
— Elecirical Modols
Off

—————————————————

Figure V.6: Flow type




EDF R&D

Code_Saturne version 1.3.3 tutorial

Code_Saturne
documentation
Page 48/120

The turbulence model is selected in the following list:

e laminar flow (no model)

e mixing length

® k-¢

e k-¢ Linear Production
e Rij-¢ LLR

e Rij-¢ SSG

e v2f ( model)

o k-w SST

e LES (Smagorinsky)

e LES (dynamic model)

File

Tools

Options

Help

Fadao$a &

Study marme: | T_JUMCTION |

Case name: Casi
ML file name: | casl =ml

= Analysis environment
[ Identity and paths
] Solution Domain

E £ Thermophysical models

] Analysis Features
] Mobil mesh

[] Thenmal model

[ Initialization
7 Physical properties
(7 Additional scalars
(] Boundary conditions
[ Analysis control
] Mumerical parameters
7 Caloul management

[ Definition of the volumin:

S

e

k-epsilan

Mo model (i.e. laminar flow)

Iixing length
k-epsilon
k-epsilon Linear Production

®

Rij-epsilon LLR
Rij-epsilon 55G
w2f (phi modely
k-omega 55T

LES (Smagorinsky)

LES (classical dynamic model)

—

Figure V.7: Turbulence model: list of models
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In this case, the k-¢ model is used.

Eile Taoals Options

Help

Study name: T_JUMCTION

Case name:

CAS1
AML file name: | cast x=ml

=]

=]

Analysis environment
— Findurence modod

7] 1dentity and paths
[] Solution Domain
[71 Definition of the volumin: k-epsilon =

(= Thermophysical models

[] Analysis features

] Mokil mesh
Advanced options ?|

[ Thenmal model
] mitialization

(] Physical properties
7 Additional scalars

7 Boundary conditions
£ Analysis control

7 Humerical parameters
[ Caleul management

S

| ——

Figure V.8: Turbulence model: choice of a model




Code_Saturne

EDF R&D Code_Saturne version 1.3.3 tutorial documentation
Page 50/120

For this study the equation for temperature must be solved. Click on the item Thermal model to
choose between:

e No thermal scalar

e Temperature (Celsius degrees)

e Temperature (Kelvin)

e Enthalpy

Help

Eile

El = 0 T |

Study rame: | T_JUNCTION |

Caze rame: CAS1
AML file name: | cast x=ml

= Analysis environment i
Thonmal scalar conservaiion

Toaols  Options

7] 1dentity and paths
[] Solution Domain

] Definition of the volumin: hoshermaliscalar =
E £ Thermophysical models Mo thermal scalar

] Analysis features

[ Mobil mesh Temperature (Celsius degrees)

[ Turbulence models Temparature {Kelvin)

Enthalpy (Jfka)

[ Initialization
1 Physical properties
7 Additional scalars
7 Boundary conditions
7 Analysis control
7 Mumerical parameters
] Caleul management

S -
é

Figure V.9: Thermal scalar conservation: list of models
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In the present case, select Temperature (Celsius degrees).

File

Tools  Optiong

Help

EREl = T |

Study rame: | T_JUNCTION |
Case name: E&w
AML file name: cas].xml|

=]

=]

Analysis environment

TR f iy Ty
] Identity and paths 4 SCRIA CONServaiiorn
[ Solution Domain .
] Definition of the volumin: Temperature (Celsius degrees) =i

= Thermophysical models

] Analysis features
] Mobil mesh
1 Turbulence models

[] Thenmal radiation
[ Initialization
7 Physical properties
(7 Additional scalars
] Boundary conditions
] Analysis control
2] Mumerical parameters
7 Calcul management

e L

—

Figure V.10: Thermal scalar conservation: choice of a model

There are no radiative transfers in our case, so the item is ignored.
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To initialize variables at the instant t = 0 s, go to the item Initialization. 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~!. Specific
zones can be defined with different initializations. In this case, only the default “all cells” is used.

File

Tools

Help

Fadao$a &

Study name: | T_JUNETION |
Case name: _Q_A_Sﬂ
AML file name: cas]ﬁl_i

B £ Analysi

L1 Identity and paths

—[] Solution Domain

L[] Definition of the volumin:
E = Thenmophysical models
1 Analysis Features

—[1 Mobil mesh

—[] Turbulence models

[ Thermal model

—[1 Thermal radiation

£ Physical properties
[ Additional scalars
] Boundary conditions
] Analysis control
27 Numerical parameters
7 Calcul management

I -

Choice of the zone all_cells — ] I

_|m}y A Tii=za

YWelocitl ID.D mf's
Velocity |D.D mis
Yelocith ID.D mes

— ITeerral s scafar iniializalion

Temp.C |ZU.D 2

~ Turbulence intializati

Initialization by reference velocity

Reference velocity [1.0 mes

]

Figure V.11: Initialization of dynamic variables
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The initial value for the thermal scalar also appears in the item Definition and Initialization under the
heading Additional scalars, where more options concerning the scalars can be specified. The value of
the initial value can be modified in any of the two pages. But in case there are additional scalars (i.e.
other than the thermal scalar), their initialization is only possible in the Additional scalars page.
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Figure V.12: Initialization of the scalar
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Click on the thermal scalar in the list, to change:

e its name
e its initial value
e its minimal value

e its maximal value

In this case the temperature can vary between 0°C and 400°C. After entering the new values, click on
Modify in order to validate these changes.
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