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1. Introduction

In this study, the capability of the EAGLE code,
which is an in-house CFD code for two-phase flow, to
simulate local boiling flow processes over a wide range
of operating conditions, including those close to CHF,
has been assessed. The implementation of interfacial
area transport (IAT) equation with advanced models
such as bubble coalescence, breakup and nucleation site
density is indispensable for predicting accurately the
bubble size distribution. The DEBORA experiments,
performed at CEA using dichlorodifluoro-methane
(R12) as the working fluid, were selected to analyze a
subcooled boiling flow. The aim of this work is to
investigate the applicability of the state of the art

physical models for interfacial area concentration (1AC).

2. Modeling of Boiling at a Heated Wall

In boiling flow, the mechanisms of a heat transfer
from the wall consist of the surface quenching (qq),
evaporative heat transfer ( g, ), and single-phase
convection (q. ). Accordingly, the given external heat
flux (gt ), applied to the heated wall, is written as a
sum of three parts:

Otot =0qg +Ye +c 1)

The individual components in this heat flux
partitioning are then modeled as functions of the wall
temperature and other local flow parameters. Equation
(1) can be solved iteratively for the local wall
temperature Ty, , which satisfies the wall heat flux

balance. Denoting the fraction of area influenced by the
bubbles as Ay, , the heat flux components are given as

follows:

dg = Avho(Tw —Tp) @)
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de =(1- Ay nc(Tw -Tp) (4)
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Here a is the so-called bubble influence factor,
which means the ratio of the area influenced by a
nucleate boiling heat transfer to the projected area at a
bubble departure. Various models for the active
nucleate site density ( N ), the bubble departure
diameter (dy, ) and bubble departure frequency ( )

were assessed in this study. The generated vapor mass
is expressed as follows:

. T
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where f isthe bubble generation frequency.

3. Interfacial Area Transport Equation

In the present thermal-hydraulic system analysis
codes, the IAC is given by empirical correlations based
on traditional two-phase flow regimes and the regime
transition criteria. The flow regime transition criteria
are algebraic relations for steady-state, fully developed
flows. They do not fully reflect the true dynamic nature
of changes in the interfacial structure, and then the
effects of the entrance and developing flow can neither
be taken into account correctly nor the gradual
transition between regimes. To solve such problems,
the introduction of the interfacial area transport
equation has been recommended. For boiling flow, the
interfacial area transport (IAT) equation is given as
follows:
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where the first term on the right-hand side (RHS) is the
gas expansion term, and chCO, chBK are the IAC

variations induced by the coalescence and breakup
phenomena. The coalescence and breakup terms
induced by turbulence can be written in the following
general forms:

co_ 1 BK 1
Dy~ =——Nn., @5 =——Nn, 8
n T, Tle n T, T (8)

where T, and T, are the coalescence and breakup
times of single bubble, 7. and 7, are the coalescence
and the breakup efficiencies, and n is the bubble
number per unit volume.

The last term on the right-hand side in Eq. (7)
denotes an increase in IAC by a bubble nucleation at
the heated wall.
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Here V}, is the volume of bubble detached from the
wall.

4. Results and Discussion

It was found that the implementation of appropriate
bubble coalescence and breakup models can improve
the prediction capability of void fraction and bubble
size distribution (Figs. 1 and 2). Comparisons of our
results with the prediction results of the commercial
CFD STAR-CD code, which implemented S, equations,
showed a very similar dynamic behavior of local
parameters. Typical results for void fraction and liquid
temperature distribution were presented in Figs. 3 and 4.
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Fig. 1. Prediction of EAGLE without implementation of
bubble coalescence and breakup models (DEB10 case)
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Fig. 2. Prediction of EAGLE with implementation of bubble
coalescence and breakup models (DEB10 case)

5. Conclusions

Results clearly showed that the EAGLE code has a
good capability of simulating the subcooled boiling as
well as the implementation of bubble and coalescence
models is indispensable for predicting accurately the
bubble size distribution.
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Fig. 3. Comparison of void fraction distribution prediction
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Fig. 4. Comparison of liquid temperature distribution
prediction



