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1. Introduction

In the presence of non-condensable gas, as a heat sink
of the vapors emitted from the primary side of the nuclear
power system, condensation is a typical phenomenon in
a postulated loss-of-coolant accident. Besides, the wall
condensation of steam in the containment building is a
phenomenon that directly affects the pressurization and
the flow distribution in the containment building [1].
Thus, the condensation of steam affects the distribution
of non-condensable gases including hydrogen that can be
released to containment in postulated accidents. In the
past decade, various experiments have been conducted
on the condensation of vapors and the distribution of
non-condensable gases, and analysis has been conducted
using CFD codes and system analysis codes [2, 3].
However, in general, CFD codes need a high
computational cost and lumped-parameter (LP) codes
have inherent limitations to simulate multi-dimensional
flow phenomena. Therefore, the CFD-LP code coupling
method has been studied gradually to simultaneously use
the CFD codes with strengths in multi-dimensional
analysis and LP codes with numerical efficiency [4]. In
particular, various conceptual analyses were carried out
with heat structure coupling between MARS-KS and
CFD codes such as ANSYS/FLUENT, STAR-CCM+,
and OpenFoam using socket communication at Seoul
National Universtiy .

In this study, CUPID-MARS code coupling was
established by applying a socket communication to
CUPID and MARS. the modified version of CUPID for
the analysis of the condensation of the ternary gas
mixture in our previous work [5], was used to the code
coupling. Verification analysis of coupled code was
performed to analyze the wall condensation phenomena
in the presence of non-condensable gas mixture
containing a light gas.

2. Computational analysis
2.1 Code coupling method

In this study, a socket communication-based interface
program was used to the heat structure coupling of
MARS-KS and CUPID codes. This interface program
was generalized for heat structure coupling with CFD
scale codes [6]. This method was chosen because it
facilitates the data transfer between codes on different
operation systems, for example, the coupling between
one code on a Windows system and the other on a Linux
machine, such a high performance computer system.

As illustrated in Fig. 1, pre-determined exchange
variables are transferred through the socket server. At
this time, each code can be connected while performing
calculations in different computing devices and OSs. In
this study, the region where condensation occurred were
analyzed by using the CUPID code, and the region where
single-phase and conduction heat transfer were analyzed
by using MARS-KS. The exchange variables are
transferred at every time step in both codes. As shown in
Fig. 2, pre-determined exchange variables were wall
temperatures and wall heat fluxes which were calculated
by MARS-KS and CUPID respectively. Also, to
maintain the consistency in time marching, the time step
of CUPID, which is relatively smaller than that of
MARS-KS, was used as the time step of MARS-KS.
Since the grid of CUPID code is finer than that of
MARS-KS, mapping of exchange variables was carried
out. The surface averaged heat flux calculated from
CUPID is transferred to MARS-KS, and the linear fitted
wall temperature calculated from MARS-KS is
transferred to CUPID.
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Fig. 1. MARS-CUPID code coupling with socket
communication scheme
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Fig. 2. MARS-CUPID heat structure coupling diagram
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2.2 Wall condensation simulation

To verify and validate the coupled code, the CONAN
experiment, which is a separate effect test for
condensation heat transfer, was analyzed [7]. As
described in Fig. 3(a), CONAN test facility consists of
the primary side where the wall condensation occurs, and
the secondary side for cooling the condenser wall.
MARS-KS was used to simulate the secondary side and
aluminum plate, CUPID to calculate condensation heat
flux on the primary side. The nodalization of MARS-KS
and computational meshes in the CUPID is presented in
Fig. 3(b) and (c). MARS-KS nodalization consists of a
pipe that flows cooling water and a heat structure that
simulates an aluminum plate. For using the CUPID
RBLA condensation model which was improved before,
70,000 meshes were generated and wall y* was kept
below 1 [8]. Standard k — € turbulence model was used
and turbulence production due to buoyancy was
considered. Calculated test conditions are presented in
Table. 1. As mentioned before, the surface averaged
condensation heat flux and linear fitted wall temperature
were calculated and transferred to each code. To evaluate
the analysis results of the coupled codes, the results were
compared with the experimental results and the
calculation results of the STAR-CCM+-MARS coupled
code. The CONAN test simulation with the another
coupled code had been performed in our previous work
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Fig. 3. Computational domain, nodalization of MARS-
KS and computational meshes of CUPID for CONAN
test simulation
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Table I: Computational Conditions of CONAN Test

Simulation

o [kg/s] % Tinzec ] % relE]

0.9536 50.2 53.6
P20-T50-V30-HOB [y 7 ) I ] I Forl I T
3.11 92.0 0.402 0.005
e [kg/s] { Tinsec [°C] } Tout sec [°C]

1.0832 49.7 527
P20-TS0-V30-HES [y ] I[ Toor ] I Voratr ] I Vonszel ]
3.06 89.1 0.223 0.056
o, [kg/s] I Trpealie] { Mrealld]

0.7232 39.9 40.9
POS TR0 NOCHOZ [ /] I ] I Vonair -] I Vinstal]
~0.6 76.9 0.429 0.093
tooe (kg/s] | Tinsee PGl | Toursee ['C
POS-T40-V06-H90| 0 T rmlm R [l—] e
~0.6 | 711 | 0190 | 0.219

2.3 Simulation results

As shown in Figure 4, in the case of forced convective
condensation, where the fluid velocity at the inlet is high,
the CUPID-MARS coupled code analysis results slightly
overestimate the local condensation heat flux. It is
supposed that turbulent mixing near the wall is largely
calculated. In general, when the standard k-¢ turbulence
model is used with fine mesh, near wall turbulent
characteristics are overestimated [10]. Nevertheless, as
shown in Fig. 4 and 5, except for the P05-T40-V06-H62
case, the CUPID-MARS coupled code shows good
agreement with the experimental results and STAR-
MARS analysis results regardless of the flow condition.
Also, as shown in Figure 6, except for the P05-T40-V06-
H62 case, the total heat transfer by the secondary loop
was predicted within a 20% error. This was discussed in
previous research because the standard k-¢ turbulence
model is not suitable for the analysis of the P05-T40-
V06-H62 case. Shortly, except for the specific case, the
CUPID-MARS analysis results corresponded to the
experimental and STAR-MARS analysis results.
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Fig. 4. Local condensation heat flux: forced convective
condensation
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Fig. 5. Local condensation heat flux: natural convective
condensation
(a: P05-T40-V06-H62, b: P05-T40-V06-H90)
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Fig. 6. Comparison of total heat transfer rate
3. Conclusion

In this study, code coupling was performed using an
interface program, and condensation heat transfer
analysis was conducted with coupled code. For the code
coupling, MARS-KS and CUPID were used. To verify
the CUPID-MARS coupled code for the condensation
heat transfer phenomena in the presence of a non-
condensable gas including a light gas, an analysis was
performed against the CONAN experimental tests.
Except for a specific case where the turbulence model
showed the limitation, the local condensation heat flux
and total condensation heat transfer showed reasonable
results. Therefore, it was concluded that the wall
condensation phenomena of the ternary gas mixture
(steam-air-helium) can be simulated using the CUPID-
MARS coupled cide realized with the socket
communication. In the future, it is expected that the
coupled code can be used to analyze large containment
experimental systems or passive containment cooling
systems.
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