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1. Introduction

During a postulated severe accident, thermal
hydraulic phenomena such as condensation/re-
evaporation, hydrogen stratification and hydrogen
combustion occur inside the NPP containment.
Therefore, large-scale containment experiments and
analysis using lumped parameter codes and CFD codes
have been conducted to guarantee the safety of
containment [1, 2]. However, due to the inherent
characteristics of LP codes, there are limitations in
analyzing multidimensional flows and local gas
concentrations are difficult to obtain [3]. CFD codes
have the advantage of being useful in three-dimensional
fluid simulations, but because of their high
computational cost, CFD codes generally have
limitations for standalone analysis of large containment
buildings. Thus, LP-CFD code coupling and the
analysis using coupled code have been performed [4, 5].

In this study, a code coupling system for LP code and
commercial CFD code, MARS-KS and STAR-CCM+,
was established. The data exchange between codes is
achieved through socket communication [6]. For that, a
socket communication subroutine was added in MARS-
KS, and a macro script for operating STAR-CCM+ was
written. With the coupled code, an analysis of the
condensation heat transfer experiment was conducted to
validate the coupled code.

2. Computational analysis
2.1 Code coupling method

Code coupling using socket communication was
performed for the condensation heat transfer analysis.
Socket communication is one of the most commonly
used data exchanging methods for server networking.
This method was chosen because it facilitates the data
transfer between codes on different operation systems,
for example, coupling between a code on Windows and
the other on Linux. As shown in Fig. 1, the socket
servers were established in MARS-KS on Windows and
STAR-CCM+ on Linux respectively, and servers in an
interface program were connected to each servers. For
that, socket communication subroutines in MARS-KS
were added and modified. A JAVA macro was written
for socket communication in STAR-CCM+ code.

In this study, heat transfer was calculated with code
coupling via heat structure without flow parameter
exchange. For that, the explicit-coupling method was

used, in which two codes independently performed
thermal-hydraulic calculations and then exchanged data
to change the boundary conditions of the other. At the
end of every time step, surface temperature calculated
by MARS-KS and boundary heat flux calculated by
STAR-CCM+ were exchanged. In MARS-KS, the heat
structure surface heat flux is set to be input as a general
table [7]. The interface program is configured so that
MARS-KS receives that of STAR-CCM + and the two
codes use the same time step.
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Fig. 2. Diagram of the heat structure coupling method
2.2 Condensation simulation results

To verify and validate the coupled code, the CONAN
experiment, which is a separate effect test for
condensation heat transfer, was analyzed [8].

The inlet and outlet conditions of the primary and
secondary sides are used as shown in Table I. The
computational domain was determined as shown in Fig.
3. The primary side where multidimensional two-phase
flow is formed was analyzed using commercial CFD
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code, STAR-CCM+, and the secondary side was
analyzed using MARS-KS which can properly simulate
convective heat transfer phenomena in the coolant
channel if a multi-dimensional effect is insignificant.
The aluminum plate where the heat transfer occurred
was simulated with the heat structure of MARS-KS
code. As the CFD analysis grid (Fig. 4 (a)), 400,000
grids were generated and y + was kept below 1. In the
case of P05-T40-V06-H90, a helium rich condition, the
reverse flow occurred at the exit of the geometry. For
that reason, the geometry was modified to reduce the
outlet area gradually as in the experimental apparatus,
and the number of grids increased to 600,000 as
illustrated in Fig. 4 (b). The realizable k-e model was
used as a turbulent model, and the wall condensate was
simulated using a fluid film model of STAR-CCM +
code [9].

Table. I. The boundary conditions of the CONAN test

Tigee [kg/s] Il Tinsec [°C] |I Tout sec [°C]
0.9536 50.2 53.6
P20-T50-V30-H08
VourpriM/s) | Tingri (€] | Vinair [-] | Yinpe[-]
3.11 | 92.0 [ o0.402 | 0.005
it [kg/s] I Tinsec [°C] I Tout,sec [°C]
1.0832 49.7 52.7
P20-T50-V30-H65
Vouegri (/5] | Tinpri €] | Vongir [] | Yoo
3,06 | 9.1 [ 0223 | 0.056
e [Kg/5] I Tinger [°C] I Tout sec [°C]
0.7232 39.9 409
P05-T40-V06-H62
Vourori[™/s] | Tinpri €] | Vingir [] | Vimsre[-]
~0.6 | 76.9 | 0429 | 0093
o [kg/s] I Tinsec [°C] I Tour sec [C]
0.6901 40.5 41.7
P05-T40-V06-H90 — -
VourprilM/s] | Tinpri €] | Yinawr (=] | Vinwel-]
~0.6 [ 71.1 [ 0.190 | 0.219
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Fig. 3. Sketch of the CONAN facility test section and
computational domain of CFD analysis
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Fig. 4. Sketch of node and meshes of MARS-KS/STAR-
CCM+ coupled code analysis
(a: MARS-KS, b: STAR-CCM+)

For the wall temperature boundary condition of CFD
code, the field function was used by interpolating the
temperature calculated in the MARS-KS code. The
nodalization for the MARS-KS analysis is shown in Fig.
4. 1t consists of a pipe that flows cooling water and a
heat structure that simulates an aluminum plate. For the
right boundary condition of the heat structure, the
average heat flux at the height of each node was
calculated by averaging the condensation heat flux
delivered from CFD. In order to evaluate the analysis
results of the coupled codes, the results were compared
with the results of CONAN test and the CFD standalone
analysis as illustrated in Fig. 5 and 6. It was observed
that the results of the coupled code showed good
agreements with the local condensation heat fluxes of
the stand-alone CFD analysis and the experiment results.
The total condensation heat transfer rate at the
condensation surface was predicted within £20% of the
experimental results as shown in Fig. 7. The low overall
condensation heat transfer rates under the forced
convective condensation conditions are due to the
limitations assumed for laminar flow in the fluid film
model of the STAR-CCM+. In the forced convective
condensation case, the condensation film Reynolds
number is about 150, which is the wavy film range.
Therefore, if the laminar flow assumption is applied, the
thermal resistance of the condensation film is evaluated
relatively large.
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Fig. 7. Comparison of total heat transfer rate between
calculated and experimental results

3. Conclusion

In this study, code coupling was performed using
socket communication, and condensation heat transfer
analysis was conducted with coupled code. For the code
coupling, MARS-KS and STAR-CCM+ were used. In
order to evaluate the MARS-STAR coupled code,
validation was performed against the CONAN
experiment containing He for the steam-gas mixture.

Analysis results using the coupled code showed
reasonable results compared with CFD standalone
analysis and experimental results. However, it can be
seen that under forced convective condensation, the
condensation heat flux is underestimated because the
thermal resistance of the liquid film is incorrectly
evaluated. Therefore, it is necessary to quantitatively

evaluate and improve the effect of the condensation film
model. Nevertheless, it could be confirmed that the
coupled code with socket communication can be used to
simulate conjugate heat transfer phenomenon including
convective and condensation heat transfer in the
presence of non-condensable gases. In the future, the
coupled code is expected to be used to analyze
containment thermal hydraulic phenomena in large
containment experiments or a heat exchanger for the
containment cooling.
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