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1. Introduction 

 
In the reactor containment, wall condensation occurs 

in the presence of non-condensable gases. In that case, 

heat transfer rate is reduced significantly because 

buildup of the non-condensable gases inhibits the 

diffusion of vapor from the bulk mixture to the liquid 

film and decreases condensation rate [1]. Therefore, an 

accurate knowledge of wall film condensation rates is 

important for the integrity of containment and the 

performance of safety components that were installed 

for containment cooling system like Passive 

Containment Cooling System in accident conditions. 

In the present study, CUPID code [2], which has been 

developed by KAERI, and MARS code are coupled for 

the simulation of wall film condensation in the presence 

of non-condensable gases. In order to simulate the 

condensate heat transfer at the condenser wall, CUPID 

code is used. On the other hand, MARS code is used for 

simulate the cooling jacket of the condenser wall. 

For the verification of the CUPID-MARS coupled 

code, COPAIN condensation experiment, which is 

conducted by CEA, was re-simulated [3] and the results 

were compared with CUPID code simulation with the 

constant wall temperature that is calculated before for 

the validation of CUPID wall film condensation model. 

 

2. Coupling CUPID and MARS code 

 

In this section, coupling method for CUPID and 

MARS code to simulate wall film condensation with the 

cooling jacket will be introduced. After that, verification 

of coupled CUPID-MARS code will be followed. 

 

2.1 Heat structure coupling of CUPID and MARS code  

 

To simulate the Passive Containment Cooling System 

(PCCS), CUPID and MARS code are coupled using 

heat structure coupling. As shown in Fig. 1, PCCS heat 

exchangers are installed at the containment wall and 

wall condensation will be occurred at the heat 

exchanger tube outside. On the other hand, natural 

convection and boiling will be occurred at the tube 

inside. Tube inside behaviors could be simulated with 

the system codes; however, system codes could not 

reproduce multi-dimensional phenomena such as wall 

film condensation and accumulation of Non-

condensable gases near the tube outside wall adequately 

with sufficient resolution of computational meshes [4]. 

Thus, the multi-dimensional analysis code, CUPID, can 

be used for the tube outside simulation instead of the 1D 

code if those two codes are coupled through the heat 

structure.  

 

Fig.  1. Schematic diagram of the IPOWER PCCS [5] 

For the coupling of CUPID and MARS code, heat 

structure coupling was used. Source code of MARS-

DLL was modified to use the user-defined parameter for 

the wall heat flux at the heat structure and to visualize 

the calculation results with SNAP. At the source code of 

the CUPID, modification for the mapping between the 

codes was made to couple the CUPID and MARS code 

as shown in Fig. 2. 

 

 

Fig.  2. Schematic diagram of CUPID-MARS coupling 

calculation 

In the coupled code, the wall heat flux that is 

calculated at the CUPID code is transferred to the 

MARS code as the wall heat flux boundary condition. 

On the other hand, the temperature of the heat structure 
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is transferred for the wall temperature boundary 

condition of the CUPID code.  

 

2.2 COPAIN experiment simulation with coupled 

CUPID-MARS code 

 

Using coupled CUPID-MARS code, COPAIN 

experiment [3] is calculated. Fig. 3 shows the schematic 

diagram of COPAIN experiment. In the figure, test 

section is simulated with CUPID wall film condensation 

model which uses two-fluid model for its governing 

equation and secondary circuit is analyzed with MARS 

code. Condenser plate is simulated as heat structure of 

MARS code, so its temperature data are transferred to 

CUPID wall temperature boundary condition. 

 

 

Fig.  3. Schematic diagram of COPAIN experiment 

COPAIN P0441, P0443, and P0444 tests are simulated 

and the results are compared with experiment results 

and STAR-CCM+ which is commercial CFD code and 

COPAIN calculation results with constant wall 

temperature that is calculated for the validation of wall 

film condensation model of CUPID. [6] The calculation 

results are shown in Fig. 4. As shown in figure, heat flux 

results of CUPID-MARS coupling code are almost 

same with those of constant wall temperature. The error 

of wall temperature is within 1 K also. From those 

results, CUPID-MARS coupling is verified.  

 

3. Conclusions 

 

In the present study, CUPID code is coupled with 

MARS code using heat structure coupling. With heat 

structure coupling, CUPID wall heat flux results could 

be entered at the MARS code using user-defined 

parameter for boundary condition. On the other hand, 

temperature of the heat structure could be transferred 

for the wall temperature boundary condition of the 

CUPID code. Using coupled code, COPAIN experiment 

tests are re-calculated and results are almost same with 

constant wall temperature calculation results. From 

those results, CUPID-MARS coupling is verified 

In the future, more validation will be performed with 

coupled code against various experimental databases, 

not only for the vertical flat plate but also for tube 

geometry. 
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Fig.  4. COPAIN calculation results 
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