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Elements involved in the coupling system _\X(IT

Karlsruhe Institute of Technology

Title: The Coupling of TRACE and SCF through ICoCo and SALOME

TRACE: the thermal-hydraulic system code by U.S. NRC.
SCF: the sub-channel code by KIT Germany.
ICoCo: a code coupling framework initiated by CEA France.
SALOME: an open-source platform for numerical simulations by CEA and EDF.

ICoCo -- two prerequisites

[ 1) Codes must have explicit meshes in MED format.
2) Codes must be pre-split into specified functional components.
—> [setDataFiIe ] » Specify the input, output, and arguments.
—> » Run initialization and construct the mesh.
—> [ computeTimeStep ] — Calculate the timestep size.
— [ initTimeStep | » Initialize the timestep size.
—> [solveTimeStep ] » Run the current step.
—> [ getOutputMEDField ] — Extract the desired field in MED format.
— | getlnputMEDFieldTenplate | —> Get the template receiving the data from another code.
—> [ setinputMEDField ] — > Write the MED field from another code to memory.
— » Terminate the calculation.
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Elements involved in the coupling system _ﬁ‘(IT

Karlsruhe Institute of Technology

Title: The Coupling of TRACE and SCF through ICoCo and SALOME

TRACE: the thermal-hydraulic system code by U.S. NRC.
SCF: the sub-channel code by KIT Germany.
ICoCo: a code coupling framework initiated by CEA France.
SALOME: an open-source platform for numerical simulations by CEA and EDF.

SALOME -- two main functions

1) Provide generic functions for numerical pre- and post- processing.
2) Manage codes coupling, corresponds to ICoCo.

———————————— ——

m

PARAVIS

Pre and Post Processing For Coupling and other extended functions

TRACE and SCF should be implemented into SALOME based on ICoCo standard.
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‘--»1) Based on code original source, re-write and re-

Implementation of TRACE-ICoCo, SCF-ICoCo,

and an interpolation toolkit to SALOME

sou1.f90
souZ2.f90

sour1_salome.f90

Re-written sour2_salome.fo90
Re-organize sour3_salome.f90

sou3.f90

Code original i
source i

1

1

1

CODE-SALOME

source
________________________________ +
interface.hxx
Four Steps to implement interface.cxx
TRACE to SALOME
And
Four Levels of TRACE C++ envelope
Objects , Orwrapper

organize the files to develop the CODE-SALOME
source.

2) Develop the functional interface files which are |
directly used in YACS. Develop the MED-related "
functions.

CODE-
SALOME
Internal
Object

4

CODE-
: : B SALOME
SWIG_inter.i Local
Python
. Object

SWIG file

3) Write the file which is used by SWIG to wrap the C++ files to Python.

Then, make the local Python object of TRACE in SALOME.
4) Wrap the Python Object and to the CORBA remote object of in SALOME. <«

+

CORBA.idI

CORBA IDL file

N o o !

f

SKIT

Karlsruhe Institute of Technology

CODE-
E SALOME
Component

—
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Implementation of TRACE-ICoCo, SCF-ICoCo,
and an interpolation toolkit to SALOME

1)

2)
3)

SKIT

Karlsruhe Institute of Technology

The TRACE and SCF modules in SALOME fully follows the ICoCo framework

and contain the functional components.

Their different meshes have to map to translate and transfer fields.

A toolkit for mesh interpolation and field mapping is desired.

TRACE MED meshes

m[ne wSchema_1

e

mewSchema_l | new!

in [Innerplator_iD_(]@]

{ln terpl arm_BD_ll [Img'rplllm_ZDO ]

fieldl ][T!I:l.lﬂ'\

]

[Z]

ld1 ]‘retmn

| [setar [rerurn

#

ld2

SplittingPalic

PrintLavel

field2

Precision

PrintLevel l

fahe_value |

Mapping

—

NY,

2D Interp

SCF MED meshes

Interpolation toolkit

e

3D face Interp 3D volume Interp
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Implementation of TRACE-ICoCo, SCF-ICoCo,
and an interpolation toolkit to SALOME

SKIT

Karlsruhe Institute of Technology

Name !J
2 newschema_l
[ Types

Monitor

®-.& TRACE run_to_55_standalone_While_loo
[ +@ initialize_TRACED
) i@ setDataFile_SCFO
-+ initialize_SCF1
[ @ getOutputMEDField_TRACE2
#@ getinputMEDFieldTemplate_SCF0
[ +@ getinputFieldsNames_SCF1
B #@ getnputMEDFieldTemplate_SCF2
B} @ getinputFieldsNames_SCF3
[ @ gerOutputMEDField_TRACES
- +@ Interplator_2D0
[~ @ Interplawor_2D1
@ solveSS_SCF2
EH.@ TRACE_SCF_run_w_S5_While_loop
B & Links

B logics_in_while_loop
S Links
@ PySeriptll
& @ mitTimeStep_TRACEO

i dt

“@ computsTimeStap_TRACED

@ solveTimeStzp_TRACEQ

*@ computeTimeStep_SCF3

+i@ PyScriptd

+@ initTimeStep_SCF8

#@ solveTimeSt=p_SCF9

*@ getnputFieldsNames_SCF10

+@ getnputFieldsNames_SCF11

@ getinputMEDFieldTemplate_SCF1:
+@ getinputMEDFieldTemplate_SCF1:
“@ getInputFieldsNames_TRACEI4
*@ getinputFieldsNames_TRACELS
@ getnputMEDFiekiTemplate_TRAC
+@ getinputMEDFieldTemplate_TRAC
+@ getOutputMEDField_TRACE]S
“@ getOUtpUtMEDField_TRACE19
+@ gerOUtpMEDField_SCF20

#@ getOUtputMEDField_SCF21

+@ Interplator_2D22

@ Interplator_2D220

#@ Interplator_3D_volume23

+@ Interplawor_3D_volume230

-5

B
&
&
&
&
®
&
&
&
&

AR eE6E

»]

The coupling scheme
composing and displaying
pane

File Edit View YACS Tools Window Help SALOME
DuEXog/Fc sHesa<woFqEs o os of TRACE, SCF, Interpolato
EIEFICEY:- T T Tk
‘Tree ¥iew: edition mode  Object Browser AP1000_transi_T InputPanel  Catalogs

Tree View: edition mode: Q}g P @ P # § % Catalogs ﬂé]

[# BuiltIn

Component

Bl GEOM_Supery

GL_HOMARD

El Interp_Tool
Interplator_2D
Interplator_3D fare
Interplator_3D_volume

= PR
fﬁﬁmﬁ—\
GetResults_SCF

StandAlone_SCF
computeTimeStep_SCF
getinputFieldsNames_SCF
getinputhMEDFieldTemplate_SCF
getOutputFieldsNames_SCF
getOurputhEDField_SCF
initTimeSeep_SCF

initialize_SCF

isStationary_SCF

presenttime_SCF

setDataFile_SCF
setlnputMEDField_SCF
solvess_SCF
solveTimeStep_SCF
. L J
Vi N

E TRACEICOCO
computeTimeStep_TRACE
getinputFieldsNames_TRACE
getnputMEDFieldTernplate_TRACE

- getOutputFieldsNames_TRACE

- getOutputhEDField_TRACE
initTimeStep_TRACE

initialize_TRACE
isStationary TRACE
presenttime_TRACE

- setDataFile_TRACE

- setinputMEDField_TRACE

 solveTimeStep_TRACE

& \. mrrmn:m_TR‘ACE )

RACE-S
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Strategy of the Coupling System

setDataFile_ TRACE
setDataFile SCF
initialize_ TRACE

initialize_SCF
computeTimeStep TRACE
computeTimeStep_ SCF

Select public time step
|

initTimeStep_ TRACE

initTimeStep_SCF
solveTimeStep_ TRACE
getOutputMEDField TRACE

getinputMEDFieldTemplate_SCF

Interpolator

SKIT

Karlsruhe Institute of Technology

l
l
l
l

Interpolator

setinputMEDField_TRACE

v
terminate_TRACE
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Verification of the Coupling System ﬂ(IT

Karlsruhe Institute of Technology

An AP1000 transient case:

Steam Steam
generator 1 generator 2

Pressurizer

inlet 4

Loop 2

Main initial parameters
Surge

ine 1) Core power: 3400 MW
2) Core mass flow rate: 14275 kg/s
3) Core inlet temperature: 553.8 K

Configuration of the main 4) Core outlet temperature: 596.5 K
components of AP1000 reactor

Safety injection
nozzle
~— leg

Transient 1) t=0s,temp(inlet1,2,3,4)=553.7K 3) t=15s,temp (inlet1, 3)=503.7 K
sequence ) t=5s5, temp (inlet1,2,3,4)=553.7K 4) t=20s, temp (inlet 1, 3)=503.7 K

13 Fall 2020 CAMP Meeting
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Verification of the Coupling System

14

TRACE model

The model was develop with SNAP

for TRACE v5.1051

Reactor
Pressure

\accal
VESSTH

Upper|Plenum

____________

Core

Downcomer

Jawodumo(

Lower|Plenum

SKIT

Karlsruhe Institute of Technology

Axial levels
Radial rings

Azimuthal sectors

8

_——— i —————

_____________

~

Y

“nlet 3

. Outlet 1

-----

~

~~._ Loop 2

Inlet2 ™

Y

Outlet 2,

_____

Fall 2020 CAMP Meeting
December 04th — 06th, 2018



Verification of the Coupling System ﬂ(IT
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SCF model

The model was develop with SCF v3.3

Karlsruhe Institute of Technology

total _fuel assemblies
fuel_assembly_pitch [m]
rod_diameter [m]
channel_area [m?]
wetted perimeter [m]
heated perimeter [m]
channel_gap [m]

total_axial_length [m]

157

0.214

0.0095

0.0253127 2D mesh
9.4808
7.878782
1.016x103
4.2671

3D mesh

Fall 2020 CAMP Meeting
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Karlsruhe Institute of Technology

The coolant temperature profile at The coolant temperature profile at
the beginning of the transient the end of the transient

The coolant temperature at the loop1
corresponding area of TRACE(Vessel) and
SCF(Core) is lower than loop2 area.

The coolant temperature distribute symmetrically
in TRACE(Vessel) and SCF(Core).

Core inlet = -Core middle "-- Core outlet " - Core inlet " Core middle"-- Core outlet" .-

16 Fall 2020 CAMP Meeting
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The neutronic results of the transient by SCF (point kinetic model)

3460 L5 -------- -------- --------
3450 =
= Eﬂ 1 """"""""""""""" 2 @@\,1 """""""""""
= 3440 = ; PTE L
2 g L ey |
& 3430 B R A S s G
3 8 -/ ' P !
o] 7] i
=% 3420 a4 (y= T @.‘.f)‘.:;%_;t\—__{é ______________________________ B fy-----—--- I
g 5 G\&/ i | i \ !
S 3410 = [ "‘ .
o R U S S S — \ o]
3400 (-4> S ; ! | | &
L o
3390 ' - . el s S S B
0 5 10 15 20 0 5 10 15 20
Time (s) Time (s)
Evolution of the total thermal power in the core Evolution of the reactivity in the core
1) As the coolant temperature decreases, a positive reactivity was introduced to
the core. It first increase rapidly and then gradually reduce and finally become
negative because of the thermal feedback.
2) Corresponding to the evolution of reactivity, the thermal power of the core
increases to the peak and then decreases.
17 Fall 2020 CAMP Meeting
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Current coupling method between Q(IT

Cylinder and Cartesian vessels

A TRACE model includes
Cylinder and Cartesian vessels

“Cylinder
Vessel for
RPV
1 ¢ Véss-Junc1
‘ 1
)
. Cartesian
_ Vessel for Core
Vess-Junc2

1) The Cylinder Vessel models the RPV.

2) The Cartesian Vessel models the Core.

3) The two vessel are connected by two vessel
junction component at core inlet and outlet.

20

Karlsruhe Institute of Technology

© Vessel Connection Initialization Vesse' Junction X
Connection Direction: Axial Uenn|t|0n Panel
Source Vessel 11 Target Vessel 10
3 el T T T T
1
P 171 27 Babi 67, 77
~ ‘lf”i- & 1 [ o i LR e e e P e
¥y e 161 26 B@68 66 76
£ esdlagh ot :3.3?‘3:32;;“733:
e .r%. ...§§r.
S F4d-r 2A-d 884 64 14~
REESCE LG %R
A A 12,22 B2kd 62 72
’ T |l = F rrTrT T T T T
. ——— 114 21 akbd 61 0 74
S o |
Properties \Geomelry >
Junction | Source Loca..| Target Locati..| Flow Area (.- [Hyd. D1am‘(m: CCFL | |
|300001 r1,t7,z10  |x 1,y2,z212 0.06036 0.011778|<none> ~|
[300002 Irt7.210  x1.y3.z12 | 0072431  0.011778|<none> =
300003 |F1,t7,210 _x1,y4,z12 | 0.072431] _ 0.011778|<none>
[300004 [F1.t7.210 [x1.y5.z12 | 0072431 _ 0.011778/<none>
300005 [F1.t7.210 |x1.y6.z12 |  0.06036]  0.011778/<none>
;300005 ;‘1_!'7.110 ;J('Z_y‘Q z12 0.010864 0.011778|<none> v}
Add l Remove
1T 1
[ OK | Cancel |

Users define the positional correspondence.
Users calculate and set the flow area,
hydraulic diameters for each channel.

Both of the operations are boring and error-
prone.

Fall 2020 CAMP Meeting
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Current coupling method between

Cylinder and Cartesian vessels

1)

2)

EEEE SRR R EEEE SRR

* component-number data *
AXXXXXXXAXXAXAAXALKNAXNA N XL

*

*

Component input order (IORDER)

Input file of the
vessel coupling case

*—— type ---- num -------——--—- name --—-—-—-—-——-————————- + junl jun2
VESSEL » 10 s * core +
VESSEL * 11 5 * +
FILL * 20 s * + 110
FILL * 21l 8 * - 100
FILL * 22 8 * + 90
FILL % 23 5 % + 10
BREAK * 30 s * + 20
BREAK * 31 s * + 80
PIPE * 40 s * . + 70 80
PIPE * so s ~  Additonal PIPEs by + 30 20
PIPE * 60 s * . : - 10 120
o i ot vessel junction - e o
PIPE * 80 5 * component + 100 140
PIPE * 90 5 * + 110 150
* 300001 s * $300$ vessel 11 to vessel 10 + 30000113000012
* 300002 s * $3005 vessel 11 to vessel 10 + 30000213000022
* 300003 s * $300% vessel 11 to vessel 10 + 30000313000032
* 300004 s * $3005 vessel 11 to vessel 10 + 30000413000042
* 300005 s * $300% vessel 11 to vessel 10 + 30000513000052
* 300006 s * $3005 vessel 11 to vessel 10 + 30000613000062
* 300007 s * $300$ vessel 11 to vessel 10 + 30000713000072

*
*
*
x
*
*
*
*
%
*
*
*
*
*
*
*
*|
*|
*|
X
*|

jun3

A series of additional PIPE components are added to
the input file. They appear in the component list and
more lines follow in the component definition data block.
Make the input file redundant and unreadable.

SKIT

Karlsruhe Institute of Technology

|| Read TRACE X

File |[[2] trcxly (C:\Users\hy5099\Desktop\Testitrcxty) v @

Plot Type |Time Dependent | v View |Component/Channel listing
40115 Data Channels control blocks

Channels
cb1 [cb 1)

= | Additional PIPEs
accesible in the

| xtv file
1=
Filter [_] Include Descrif]
[v] Group channels by type
Graph |<current> - Data sets 4
—— 1
Units [si [~
Time units ISeconds 15
Autoscale |XY |
Pl
Elevation [ (m)
Help Clear Sets Export Plot Cl

1) Uses can access the variables
of each additional PIPE by the
vessel junction.
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The new automatic coupling between the vessels S(IT

Karlsruhe Institute of Technology

Drawbacks of current vessel Features of the new vessel
coupling method coupling method

1) Manual definition of posicorre. ____, 1) Automatic definition of posi corre.
2) Manual calculation of FA, HD. — 2) Automatic calculation of FA, HD.

3) Redundant input file. » 3) Clean input file.

A TRACE model includes Modeling instruction for users

Cylinder and Cartesian vessels
1) Both of the Cylinder and Cartesian

~“Cylinder™ vessels must include core boundary
Vessel for definition.

RPV
2) The axial flow area of the core area
- z ) in the Cylinder vessel must be 0.0.

3) The largest length (x, y direction) of
i i . Cartesian vessel must not exceed

HHE the core outer radial ring of the
Cylinder vessel.

4) Source the environment of MED libs.

Cartesian 5) Restart calculation is available.
Vessel for Core

23 Fall 2020 CAMP Meeting
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The new automatic coupling between the vessels _&‘(IT

Karlsruhe Institute of Technology

Principles of the method Source code level (only arrays)

1) Recognize the VESSEL component—— 1) vessTab%igeom, vessTab%vessType.

which models the Vessels. vessTab%nasx, %nrsx, %ntsx, VsAr%z(:),

2
2) Read the geometry data of the %rad(:), %th(:).
Vessels and construct the 2D mesh 3) vessTab%icru, %icrl.

based on MED libs. /v ;
3) Locate the core inlet and outlets. 4) vaAr3%faz(;,:, ).

/ 5) vessTab%ncsr, vsAr%isrl(:), vsAr%isrc(:),
4) Load the flow area data to meshes / VSAr%isr(:), VSAr%juns(:).
)

and map the 2D meshes.

Other arrays to be modified in TRACE data
structure: complndices(:), compNumList(:),
compCcolist(:), g1DAr(:), intAr(:), PipeAr(:),
genTab(:), PipeTab(:), fillTab(:), fillAr(:),

5) Build new PIPE as junctions
between vessels and insert to
TRACE data structure.

)

breakTab(:), breakAr(:), chanTab(:),

st? chanAr(:), radTab(:), radar(:), pumpTab(:),

= \© pumpAr(:), valveTab(:), valveAr(:),

| . plenTab(:), plenAr(:), turbTab(:), prizeTab(:),

; ) Vessel e @G teeTab(:), teeAr(:), heatrTab(:), heatrAr(:),

' Other jetpTab(:), sepdAr(:), hsTab(:), hsAr(:),

VESSEL hsTab(:), hsAr(:), powTab(:), powAr(:),

compoenent . flPowTab(:), flPowAr(:), exterTab(:),
exterAr(:), vsAr2(:), vsAr4(:), vsSrcAr(:).

24 Fall 2020 CAMP Meeting
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The new automatic coupling between the vessels ﬂ(IT

Karlsruhe Institute of Technology

trac — input — CompDat gyl TraclnputM fo0

ReSetVariables med_func.f90 med_data.fo0

RVssl Rulle VesslnputM fa0

Logical procedures of rdcomp
the automatic coupling

rpipe
functions in the PIp

Y I EIgCEle /@ med PipelnputM.f90

geclitiomy med rcomp.fo90

RdTprRest galelyyY/Risl0
Original TRACE subs & files I SOVl med TprVesselM.f90

Modified TRACE subs & files

. med_PipeArrayM.fo90
Newsubs & files
med_CountingCompM.f90 med_ IntArrayM.f90
1) 13 modified TRACE med_Global fo0 med_FItM fo0
source files
2) 2new files med_Gen1DArrayM.f90 med_PipeVItM.f90

25 Fall 2020 CAMP Meeting
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The new automatic coupling between the vessels Q(IT

Python scons/scons.py compiler = intel icoco_med = med

In addition to TRACE
normal functions, it can
automatically couple the
Cylinder and Cartesian
vessels.

Karlsruhe Institute of Technology

Original
TRACE

Fortran
Source

New C++
wrapper files

New Fortran
files med*.f90

TRACE

Python scons/scons.py compiler = intel

Compile Normal TRACE
executable.

26

Original
TRACE

Fortran
Source

per

me

TRACE
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Additional features for the vessel coupling cases ﬂ(IT

Karlsruhe Institute of Technology

1) Full automation of simulation for vessel involved cases.

VESSEL for RPV? Only one Cylinder RPV Sl No RPV coupling;
X Post-process Cylinder RPV.
- Cylinder&Cartesian RPVs
No \ \

Run as normal TRACE.

Automatic RPV coupling;
Post-process Cylinder and
Cartesian RPVs.

—————

Loop 2
s 2) Post-processing for the Cylinder
Vessel and Cartesian Vessel

Inlet 2
Outlet 2,

\ Testing Case — AP1000 reactor

.: - V 16 Inlet4 | 2.1 Steady State calculation
' Temperature (inlet 1, 2, 3, 4) = 553.7 K

2.2 Restart calculation
Temperature (inlet 1, 3) = 453.7 K
Temperature (inlet 2, 4) = 553.7 K

“. Outlet 1
. nlet 3

28 Fall 2020 CAMP Meeting
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29

TLN

Could be:
ALPN

AM
CONCSN
CONCW
PAN

=\
ROAN

ROLN
NOJY
NOMA
TLN
TVN

2) Post-processing for the Cylinder Vessel and Cartesian Vessel

VLNXR

Could be:
MMFLXR
MMFLYT
MMFLZ
VLNXR
VLNYT
VLNZ
VVNXR

VLNYT Magnitude
o VWNYT

\AY\V4

w

o

|

=]
o
s}
=}

Karlsruhe Institute of Technology

VLNZ Magnitude|
—2.627|

=

IIIHHH“IIIIIIII‘HH RN
g 3

|

=]
o
s}
=]
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Additional features for the vessel coupling cases ﬂ(IT

Karlsruhe Institute of Technology

2) Post-processing for the Cylinder Vessel and Cartesian Vessel

AM _
CONCSN
CONCWN
N

PN-

ROAN

ROLN
NOJY
ROVN
TLN
TVN

30

VLNXR

Could be:
MMFLXR
MMFELYT
MMFLZ
VLNXR
VLNYT
VLNZ
VVNXR
VVNYT
\YAV/\V4

N

||||\\\\\\H||||j_\m__ !

[=}
o
Q
=]
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Karlsruhe Institute of Technology

1) TRACE and SCF are coupled through ICoCo in SALOME.

ICoCo ICoCo
TRACE Interpolation SCF
(Fortran) N toolkit (C++) — | (Fortran)

2) The coupling of Cylinder and Cartesian Vessels is fully automated.

a) Users only need to define the Vessels for vessel coupling cases, the inter-
junctons between vessels will be automatically established and the flow area
will be automatically calculated.

b) Volumetric and face meshes are constructed for both vessels and various
fields are stored in the meshes for post-processing.

c) Users can decide to compile classic TRACE or TRACE with auto-coupling
and post-processing functions by identify a compiling flag.
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Thank you for your attention.
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