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Introduction to ICoCo
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a Interface for Code Coupling (ICoCo): provides a standard frame for

code coupling.

Define methods for:
Initialization and termination

Time advance
Save and restore state
Getting and setting fields

« Code split in funtional pieces.
« ICoCo framework MED format mesh is compulsory.
* Inherently bound with MEDCoupling library.
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ICoCo implementation (example) '&‘(IT

ParcsProblem.cxx parcs_solve time_ step.fo90
ICoCo method Fortran function

/* Perform a step ln a tr‘aﬂsleﬂt calculation: */ SUBROUTINE parcs_solve time step(converged, lib error)

bool ParcsProblem: solveTlmeStep(}\ USE Clobn. DuLYL ferror
) USE GlobM, ONLY: ferror
/* Perform the step with PARCS: */ USE TransDriveMe, ONLY: transient
int conv; ICoCo method call : o .
if (!'burnup_finished) { USE iso_c_binding, ONLY: c_ int PARCS function call

parcs_solve burnup_step (&conv, &error);
if (!'checkError("Error in parcs s
return false; INTEGER(c int), INTENT(OUT) :: converged, lib errog

IMPLICIT NONE

! WRITE(®, *) 'parcs_solve_time_step'

converged 1
lib_error = 0

IF (error) ferror = .TRUE.

/* Return success: * IF (tran .AND. (.NOT. error)) CALthran51ent( ,

return true; Intermidiate function call IF (error .OR. ferror) lib error = 1

END SUBROUTINE parcs_solve time step
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TwoPorFlow code

a Porus-media (FAVOR technique)

s Steady-state and transient solution

s Two-phase flow (6 equations)

a 3D conservation equations

a 2D heat conduction model for fuel rods
a Coarse Cartesian grids
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PARCS/TPF/TRACE steady-state coupling -\\J(IT

C++ supervisor program
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PARCS/TPF/TRACE steady-state coupling ﬂ(".
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NuScale-like SMR description

Parameter Value

Fuel Assembly

Total power 160 MW,
Regulating Bank
Group 1
System pressure 12.755 MPa gffﬂflzmg Bank
Shutdown Bank
Core avg temperature  563.71 K Group 3

Shutdown Bank
Group 4

Core mass flow 496.17 kgls
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Control Rod Drive
Mechanism

Pressurizer

Steam
Generator

A. Campos-Mufioz / INR-RPD



Mass Flow (kg/s)

First results: NuScale-like Steady-State ﬂ(".

PARCS/TPF/TRACE coupling assumptions:
TRACE—-TPF: P_outlet: fixed | m_inlet, tl_inlet: interp
TPF-TRACE: P_inlet, tl_outlet: fixed | m_outlet: interp

Sector 1
140._ T T | T ‘ T T .
120 — —
110 - Total power [MW,;] 160.0 160.0 (0.0)
F — Bypass PARCS/TPF/TRACE b
100 L | — Inlet PARCS/TPF/TRACE ]
90 - | outlet PARCS/TPF/TRACE . Inlet pressure [MPa] 12.2864 12.2864 (0.0)
80 - Bypass PARCS/SCF/TRACE 7
70 |-~ Inlet PARCS/SCF/TRACE . Outlet pressure [MPa] 12.2864 12.2864 (0.0)
60 | | == Outlet PARCS/SCF/TRACE ]
50 N Core avg temperatura [K] 560.0 562.0 (0.3)
40 — —
30l B Core mass flow [kg/s] 492.8 500.8 (1.6)
20 4 =*Reference: PARCS/SCF/TRACE
10 ;___,,-—.._ - *Values: PARCS/TPF/TRACE
om . | . | . \ . | . -
0 100 200 300 400 500
Time (s)
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Mass Flow (kg/s)

Open issues

» Case A: all variables interpolated
» Case B: just pressure fixed at inlet and outlet

— Inletcase A

— Outlet case A
Inlet case B

— Outlet case B

Sector 1 1.3e407
8008 . ‘ , | ” -3e T
750 - - 1.295e+07
700 E 1.29e+07
650 - :
600 —  Inletcase A — 1.285e+07
550 - — Outlet case A - 1.28e+07
500 — —
L B A 1 =
4500 ypass case 1 £ 1275e+07
L — Inlet case B B ~
400 J e
Outlet case B B 5 l.27e+07
350 — Bypass case B 3 g
300 YP 4 £ 1265e+07
250 . 1.26e+07
200 B N
150 E 1.255e+07
100 j 1.25e+07
50 - —
o B 1.245e+07
-50m ' ‘ ‘ k ‘ 3 1.24e+07 .
0 100 200 300 400 500 0
Time (s)
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Remarks and Future Work

a Successful coupling of PARCS, TWOPORFLOW, TRACE based on
|CoCo.

s Assumptions on exchage variables must be taken to get steady-state
solution.

s When all variables are interpolated, oscillations and wrong convergence
are presented.

a Next steps:
* Solve oscillations through interpolation criteria, for example.
° Analyse transients at RPV and plant level, e.g. MSLB.
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Extra Slides
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Boundary Interpolation TRACE/TPF ﬂ(".
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FAVOR Technique ..\X‘(IT
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a Fractional Area Volume Obstacle Representation

[P W
Ve=|®y W
vz V2

Where, ¢ is the flow area fraction, x, y, z represent the Cartesian coordinates, and k will
become the fluid (I when liquid and v when vapor).
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Pressure comparison

Pressure (Pa)

1.287e+407m
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Coolant Temp comparison '-\\J(IT
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