Development of a three-field model for two-phase annular-mist flow
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1. Introduction

The widely used safety analysis codes such as
RELAPS [1,2] and TRAC [3,4] use two-phase, two-
field representation to describe the thermal-hydraulic
phenomena of nuclear power plant. But the averaged
description of liquid phase is significantly different
from actual phenomena especially when droplet
entrainment exists.

On the other hand, COBRA-TF [5], which describes
the entrainment field as a separate one from continuous
liquid film, is showing the advanced features for the
thermal-hydraulics codes but its applicability is highly
restricted to the reactor core.

Recently, USNRC is developing a thermal-hydraulic
analysis code that consolidates the capabilities of
various codes and TRAC-M is the base of the efforts.
[6]

With this situation, the implementation of three-field
modeling into TRAC-M/F90 is necessary and as for the
first application, the implementation into one-
dimensional component is presented.

2. Implementation of a three-field model
2.1 The development of a three-field model

To describe the behavior of droplet entrainment,
additional governing equations for mass, momentum,
and energy conservation are required. The governing
equations are developed based on the thermal
equilibrium assumption and result in three mass, three
momentum, and two energy equations. After the
development of governing equations, the finite
difference forms are derived. Constitutive relations
from COBRA-TF are used in the most of the necessary
correlations as summarized in Table 1. The correlations
are for the annular-mist flow regime and therefore are
only applicable to this regime.

2.2 The implementation into TRAC-M/F90

The developed 3-field model is implemented into
TRAC-M/F90. The implementation is started adding
new variables for describing the droplet entrainment
behavior. The initial and boundary conditions of the
new variables are designed to be input in the original
TRAC input file. The primary variables added are the
velocity and the volume fraction of entrained liquid. As
the same with the original TRAC-M, the solution
matrix is constituted by linearization of the finite
difference equations of mass and energy conservation.

The solution matrix which was originally 5%5 is now
extended to 6>6. The new time velocities of each phase
are obtained by solving finite difference form of
momentum equations. These expressions are used in
substituting the velocity terms in mass and energy
equations.

Table 1. Constitutive relations used in the present study
(Annular-mist flow regime)
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2.3 Results

To test the behavior of the newly developed TRAC-
M, simple tests with constant entrainment rate are
performed and the results are the same with analytic
predictions. The simulation of Collier and Hewitt’s
air/water experiment [10] is performed and the results
show reasonable agreement with experimental data as
shown in Fig. 1.
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Figure 1. Predicted entrained liquid mass flow rate with
Collier and Hewitt’s experimental data.

3. Conclusion

A three-field model is developed based on the
previous studies [5, 7, 8, 9] and is implemented into 1-
D components of TRAC-M/F90. The results show
reasonable agreement with experimental data. With this,
it can be concluded that the capability of predicting
entrainment behavior in TRAC-M/F90 is successfully
created.

In the present study, the entrainment/de-entrainment
rate correlations from COBRA-TF are simply used. The
simulation of steam/water flow is not performed here
because the experimental data of air/water flow are
more easily available and contain sufficient information
for validation. To test the applicability of the present
work in nuclear power plant, it is necessary to simulate
steam/water experiments. The numerical tests of
steam/water flow are left on coming work.
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