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1. Introduction 
 

 More sophisticated computer codes are needed for a 
detailed analysis of a two-phase flow in a nuclear 
reactor coolant system. Although extensive two-phase 
models were implemented into the system codes such 
as RELAP5 and TRAC, there computation scale is too 
large for the analysis of local behavior. Recently, 
computation fluid dynamics (CFD) codes are applied to 
this area. However, their two-phase flow applications 
are somewhat limited due to the lack of two-phase flow 
models. Hence, a component-scale thermal-hydraulic 
code CUPID [1,2,3] had been developed at KAERI 
aiming at providing numerical solutions for issues such 
as downcomer boiling in the APR1400. 

In the CUPID-I code, a numerical method was 
proposed [1,2] based on the semi-implicit method of 
the REPLAP5 for the application to multi-dimensional 
non-staggered unstructured grids. It had been verified 
against several conceptual problems. The pressure 
equation was obtained by solving mass, energy and 
momentum equations simultaneously, where the 
resulting pressure matrix became asymmetric. Unlike 
the one-dimensional case where the matrix is easily 
solved since it is basically tri-diagonal, it is expensive 
to solve the asymmetric matrix and sometimes it fails 
to get the solution. In the CUPID-M code [3], the 
pressure equation was modified so that the pressure 
matrix became symmetric by solving mass and 
momentum equations. The phase change and transient 
density terms of the mass conservation equations were 
linearized with respect to pressure. The steady state 
solutions were in good agreement with that of CUPID-I 
and the pressure solver was more fast and stable. 
However, the transient solution differed from CUPID-I 
since the energy variation was not considered in the 
mass conservation equations. 

In this study, the mass conservation equations are 
linearized with respect to energy as well as pressure to 
improve the transient solution. The calculations are 
compared to that of CUPID-I. The developed code is 
verified against FLUENT code for standard problems.  
 

2. Governing Equations 
 

The two-phase governing equations are employed for 
the transient two-phase analysis. The continuity, 
momentum, and energy equations are; 
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where k, k, uk, Pk, and k are the k-phase volume 
fraction, density, velocity, pressure, and interface mass 
transfer rate, respectively. Mk represents the interfacial 
momentum transfer due to the mass exchange, the drag, 
and the virtual mass. 
 

3. Numerical Methods 
 
The overall numerical algorithm is the same as that 

of the previous codes versions [1,2,3]. Only the 
linearization method is improved for the mass 
conservation equations. The mass conservation 
equations for liquid and gas are added as the following 
equation. 
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(4) 
For a steam the volumetric mass transfer rate is defined 
as 
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Eq. (5) is linearized with respect to the pressure and 
energy changes. 
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The transient density term is linearized as 
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Since the energy equation is not involved in the 
pressure equation, the old time values are used for the 
energy and non-condensable mass changes. 
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4. Numerical Results 
 

At first the improved model was applied to the 
boiling in a vertical pipe where the transient solutions 
were different between CUPID-I and CUPID-M. Figure 
1 shows that the present method predicts well the 
CUPID-I result. Next, the new CUPID code has been 
compared to the FLUENT code for three cases of U-
tube Manometric oscillation, cavitation and rising gas 
plume. Figures 2,3, and 4 compares the results of 
CUPID and FLUENT. All the calculations showed a 
good agreement between the two codes. 
 

5. Conclusions 
 

The pressure equation in the CUPID code was 
improved such that the pressure matrix become 
symmetric. The calculations were fast and stable and 
showed a good agreement with the previous results. It 
also showed a good agreement with the FLUENT 
results. 
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Figure 1. Transient void fractions at y = 1.8 m 
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Figure 2. U-tube Manometric oscillation 

 

 
Figure 3. Cavitation  (top : CUPID, bottom : FLUENT) 
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Figure 4. Rising gas plume 
 (top : CUPID, bottom : FLUENT) 

0 0.05
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0 0.05
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0 0.05
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.05

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.05

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.05

0.02

0.04

0.06

0.08

0.1

0.12

0.14

X

Y

-0.01 0 0.01 0.02 0.03
-0.02

-0.015

-0.01

-0.005

0

0.005

0.01

0.015

0.02

0.94
0.87
0.81
0.75
0.69
0.62
0.56
0.50
0.44
0.37
0.31
0.25
0.19
0.12
0.06

X (m)
0.01 0.02 0.03 0.04

-0.005

0

0.005

0.01

0.015

0.02

0.025

0.03

0.91
0.85
0.79
0.73
0.67
0.61
0.55
0.49
0.43
0.37
0.31
0.25
0.19
0.13
0.07

Y (m)

- 2 -


	분과별 논제 및 발표자

	PNO0: - 581 -
	PNO1: - 582 -


