Transactions of the Korean Nuclear Society Spring Meeting
Taebaek, Korea, May 26-27, 2011

Analysis of the Nonlinear Density Wave Two-Phase I nstability in a Steam Generator of
600MWe Liquid Metal Reactor

Seok-Ki Choi* and Seong-O Kim
Fast Reactor Development Division, Korea Atomic Energy Research Ingtitute, Yuseong, Daejeon, Korea
* Corresponding author: skchoi @kaeri.re.kr

1. Introduction

A 600 MWe demonstration reactor being developed
at KAERI employs a once-through helicaly coiled
steam generator. The helically coiled steam generator is
compact and is efficient for heat transfer, however, it
may suffer from the two-phase instability. It is well
known that the density wave instability is the main
source of instability among various types of instabilities
inahelically coiled /G inaLMR. In the present study
a simple method for analysis of the density wave two-
phase instability in a liquid metal reactor SIG is
proposed and the method is applied to the analysis of
density wave instability in a S/G of 600MWe liquid
metal reactor.

2. Analysis

The present method is formulated with control volumes
with moving boundaries and the homogeneous
equilibrium flow model is used in the two-phase region.
The governing equations for the calculation domain
shown in Fig.1 are asfollows;
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Fig.1 Calculation domain and parameters
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(3) Dry out region.
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The momentum equation is given as follows;
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The details of the governing equations are given in
Choi [1] and are not reproduced here.
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3. Resaultsand Discussion

The proposed method is applied to the analysis of
density wave instability in a S/G of 600MWe liquid
metal reactor. Fig.1 shows six cases of steady solution
with experimental data of 50MWt S/G in JAEA . We
observe the code is accurate enough to be used in the
engineering purpose. Fig.3 shows the size of three
regions according to the mass flow rate. Fig.4 shows
the pressure drop according to mass flow rate. They
follow the general shape given in the literature.

500
Exp-Shell Towt
Cal-Shell Tout
Ewp-Tube-Tout
| é Cal-Tube Tout
g T
6 400 8
= Z ®
e
350
a a
300 | a
a 2 2
1 1 1 1 1 1
i 1 2 3 4 5 B 7

Experiment Number

Fig.2 Validation of code

400

o Two-phase Region
350 Fsubcooled Region a
F %

= Superheated Region
300

250
200 |

150

LA
100 o ——F&—— Boiling Boundary
——A—— Super Heating Boundary

Secondary Mass Flow Rate (kg/s)

1 P I IR S
40 60 80 100

Tube Length (m)

Fig.3 Sizes of regions
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Fig.4 Secondary pressure drop
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Fig.5 Temporal variation of inlet flow rate
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Fig.6 Temporal variation of boiling boundary
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Fig.7 Temporal variation of pressure drop in atwo-
phase region

Figs.5-7 show the temporal variations of the inlet
flow rate, the boiling boundary and the pressure drop in
a two-phase region. These figures clearly show that the
variables reach a steady state after some initial variation.
This indicates that density wave two-phase instability
does not occur in a S/G of 600MWe liquid metal
reactor.

4. Conclusions

A simple method for analysis of the density wave
two-phase instability in a liquid metal reactor S/G is
proposed and the method is applied to the analysis of
density wave instability in a S/G of 600MWe liquid
metal reactor. The results show that the density wave
two-phase instability does not occur in a SG of
600MWe liquid metal reactor.
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