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ABSTRACT

This paper presents the analysis of the thermal hydraulic behavior of the containment, during the
Phebus FPTO test performed on December, 2 n d 1993, with the Jericho code which deals with the
thermal hydraulics of containment in the severe accident field. This code is part of Escadre which
is the French system of codes in charge of predicting PWR severe accidents. After summarizing
the relevant Jericho code characteristics and the preliminary assessment work for the Phebus
conditions, we briefly describe the REPF 502 test facility and report the thermal hydraulic FPTO
experimental protocol. Then, the experiment / Jericho calculation comparisons are analysed.
Because the Jericho code assumes a well-mixed atmosphere, some additional 3-D calculations
have been carried out in order to get further insight on the convection flow patterns and qualify
the well-mixed atmosphere assumption in the Phebus containment.
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I INTRODUCTION

From the beginning of power plant developments, it has been conceived that a severe accident in
which the normal core cooling is lost could lead to fuel element melting with a risk of fission
product release beyond the plant limits. In order to contribute to this risk analysis, an in-pile
safety research program, namely Phebus Fission Product, is performed by the Institut de
Protection et de Surete Nucleaire (IPSN) of the Commissariat a l'Energie Nucleaire (CEA) with
contributions from the European Community Commission, Japan, Korea and the United States,
at the Research Center of Cadarache (France).

The Phebus FP program / I / offers, as far as possible, a full integration of the phenomena which
take place in the core region, the primary system components and the containment building as a
result of competing mechanisms in which thermal hydraulic, physical chemical, and radioactive
processes are intimately coupled. This program has been mainly designed to obtain experimental
reference data to check and qualify the code systems used in the safety analysis for source term
evaluation. The IPSN uses the Phebus FP data to assess the Escadre code system.

The first test FPTO was run from December, 2 to December, 8 1993. This paper presents the
first analysis of the FPTO test results regarding the thermal hydraulic behavior of the component
devoted to the reactor containment building simulation. This analysis is performed with the
Jericho code from the IPSN Escadre code system which is devoted to reactor building
calculations. Some additional 3-D results obtained with the CEA code Trio-VF are also analysed
in order to get further insight on the convection flow patterns.

In section II, the relevant features of the Jericho code for these calculations are provided with a
summary of the previous assessment work for the Phebus FP containment facility. Section III.
gives the Phebus containment characteristics and the FPTO test protocol regarding this
component. Section IV addresses the experiment / code comparisons.



n OUTLINE OF THE JERICHO CODE

IL1 The Jericho Code

In the general context of safety analysis, the IPSN is entrusted with studies related to severe
accidents as well as beyond design basis accidents. This assignment has required the
development and assessment of a set of codes devoted to studying severe accidents. This system
of codes, named Escadre 111, is in charge of predicting the behavior of a nuclear power plant
with water-cooled reactor from the very beginning of core degradation up to fission product
release out of containment into the environment. The users are allowed to run codes in a stand-
alone or a coupled mode. The Escadre system is mainly divided into two parts : the primary
circuit codes such as Vulcain, Ecroul, Sophaeros and the containment codes such as Jericho,
Wechsl, Aerosols-B2 and lode.

The zero-dimensional Jericho 131 code enables calculations of containment thermal hydraulics
during a severe accident by solving mass and energy balance equations in a pre-defined
compartment. The input data consist in the thermal description of containment together with the
flow rates of steam and hydrogen. The code calculates pressure and temperature variations in
containment as well as the consequence of hydrogen combustion. It is designed for analysis of
the thermodynamic evolution of a mixture of non condensable gases and steam in a fixed volume
or possibly a multi-compartment one. Pressure and temperature changes in the mixture depend
on sources and heat and mass transfers between the confined atmosphere and walls, possibly
sump free surface or condensing surfaces as well as other compartments if there are any. The
liquid water produced by condensation on walls or by nucleation is instantaneously transferred to
the sump. The nucleation is also considered instantaneous, therefore no over saturation is
allowed.

n.2 Physical Modeling of Condensation

The heat and mass transfers during condensation are can be optionally chosen by Jericho's users.
The following options are available : constant heat transfer coefficient as input parameter, the
Collier or Chilton-Colburn models and the Uchida correlation. The condensation models of
Collier 141 and Chilton-Colburn 151, implemented in the Jericho code, write respectively :

— ms = Kc C Ms Log (Paw / Pab)
dt

^ m s = K c ( P s - P s a t ) / ( l - Z s w )

with the following definitions : p s = steam density near condenser wall, p ^ = density of
saturated steam at condenser surface temperature, Paw = air pressure near condenser wall, Pab =
air pressure in bulk, Kc = mass transfer coefficient (m/s), C = total molar concentration, Ms =



steam molar mass and Xsw = molar fraction of steam near condenser wall. The main ingredient
necessary for both models is an estimate of the mass transfer coefficient Kc. Actually, it is a key
point to a practical use of these models. This coefficient usually writes : Kc = D / d where D is
the mass diffiisivity of steam in air and d is a typical length representing for instance a
concentration boundary layer. We can obtain it from the classic Chilton-Colburn analogy 161
which relates the mass transfer coefficient to the natural convection heat transfer coefficient
Hconv in the following way :

Kc = H c o n v P r 2 / 3 / p C p S c 2 / 3

with :P r = Prandtl number of bulk gas, S c = Schmidt number of bulk gas, Cp = constant pressure
specific heat capacity. The Jericho values of the total heat transfer coefficient Htot are then
computed from the following expressions :

Htot = Hconv + Hcond

Hcond = L — m,.
(Tgas-Tcond) dt

where L stands for the latent heat of condensation. The convective heat transfer coefficient
Hconv is based on the usual Nusselt expression valid for a turbulent convection regime :

Hconv = 0.13 X(GrmPr ) 1 / 3

where Grm is the modified Grashof number (nr3), which writes :

Grm = g / v 2 ( 1 + ( p v a p + pair ) / pbutk )

where p v a p , p ^ and p t ^ are respectively the steam and non condensable densities close to the
condenser surface and the bulk density, g is the gravity acceleration and v is the bulk kinematic
viscosity and X the thermal conductivity.

The Uchida formulation 161 adopted in the Jericho code gives directly an expression for Htot
including convection and condensation effects, where a stands for the mass ratio of air to steam:

Htot= 11.351+ 283.77 a ' 1

Note that the a value used in the code simulation is an average containment value, while, in the
experiment 161, it is the value measured in the injection line. In addition, there is no reference in
161 to the condensing wall temperature and to the mass injection rate. The Uchida correlation
allows condensation even if the steam density is lower than the saturation density at the
condensing wall temperature. Moreover, for such a condition, the predicted condensation flow
rate remains quite large when the temperature difference between the gas and the wall is large. In



order to avoid this non-physical behavior, the condensation flow rate is set to zero in JERICHO
when the steam density is lower or equal to the saturation value. This procedure may induce
abrupt jumps of the heat and mass transfers during the calculation of a transient.

II.3 Code Assessment on Preliminary Phebus Containment Tests

A thermal hydraulic containment test program is run in support to the Phebus FP test
program. Prior to the FPTO test, several kinds of tests were carried out such as two sump
evaporation tests, tests simulating the loss of temperature control of containment walls or pure
thermal tests without steam injection. The main part of this program was 40 thermal hydraulic
steady states with constant steam injection thus offering a new systematic experimental study of
condensation onto simulated reactor containment walls and sump surface. Three steam injection
rates were used : 1, 2 & 4 g/s in 3 series of experiments with the following characteristics :

Series A: Twall=110°C
Tsump = 90 °C
Tcondenser = from 70 °C to 106 °C

Series B : Twall = 100°C
Tsump = 90 °C
Tcondenser = from 70 °C to 98 °C

Series C: Twall = 90°C
Tsump = 90 °C
Tcondenser = from 70 °C to 85 °C

In addition to the thermal hydraulic conditions such as the average gas temperature (Tgas),
condenser surface temperature and sump water average temperature, the humidity ratios were
measured. The condenser mass condensation rates were also measured for 25 cases belonging to
the 3 series.

We have run numerical simulations corresponding to each one of the 40 steady states with
boundary and initial conditions given experimentally 111, using for all runs the 3 possible
condensation models (see II.2) to express the mass transfer coefficient. It is clear that for the
numerical simulation of a thermal hydraulic steady state, the prediction of the total condensation
rate is less important than the distribution of condensation flow rates on the various condensing
surfaces. For example, a thermal hydraulic steady state with only one condensing surface (no
evaporation / condensation from the sump) and no homogeneous nucleation, the condensation
flow rate is not a good criterion for code assessment since it is simply equal to the injection flow
rate. More important is the humidity level for which the steady state is established. In case where
condensation on the sump surface occurs, a close inspection of numerical results reveals that the
predicted mass condensation rates on the condensers were under predicted in comparison with
the experimental ones. This suggests that the code over predicts the condensation on the sump
surface.



So, from the Jericho code assessment point of view, the relative humidity ratio becomes, in fact,
the key parameter to correctly simulate in these experiments. The calculated humidity ratios are
systematically slightly under predicting the experimental ones, this tendency aggravates when
experimental humidity ratios go to unity. The Chilton-Colburn condensation model gives the
overall best calculation / experiment agreement. The Collier condensation model gives results
close to the Chilton-Colburn's whereas the Uchida correlation gives a correct agreement for the
4 g/s steam injection rate case and a poor one for the 1 & 2 g/s cases. Of course, these
preliminary assessment results are only based on thermal hydraulic steady states and the next step
is to determine whether they are valid when dealing with a thermal hydraulic transient.

m OUTLINE OF THE FPTO TEST

m . l Description of the Containment Facility

Figure 2 represents a schematic view of the containment vessel (REPF 502). It has the following
dimensions : height = 5.7 m, internal diameter = 1.8 m. It is a 1/5000 model in volume of an
actual PWR containment vessel. Its double-skinned structure allows the circulation of an organic
coolant liquid which is in charge of maintaining an homogeneous temperature distribution. Three
condensers equip the top vault of the containment vessel. They are in charge of condensing the
injected steam and controlling the thermal hydraulic conditions in the containment. The
condensing area is a cylinder of 1.5 m length and 0.15 m diameter. On the condensing surface,
the temperature can be controlled by the use of an organic liquid coolant system inside the
cylinder. This system regulates the condenser surface temperature and maintains it to an almost
uniform temperature for all the condensing surface. Note that the condensates are collected in
bottles located in the lower part of the condensers. Located in the lower part of the containment
vessel, an injection pipe penetrates the vessel wall in order to introduce gases coming from the
fuel bundle through the circuit. A sump containing water with an 0.584 m internal diameter and a
0.5 m depth is located at the bottom vault.

The containment conventional instrumentation is made up of a rack of 25 atmosphere
thermocouples, a rack of 4 sump water thermocouples, condenser surface thermocouples,
organic coolant thermocouples, a pressure sensor, hydrogen and oxygen sensors, two humidity
probes located in front of the lower part of the condensing area (named P20) and 60 cm below
the bottom end of the non condensing part (PI 6). Both are radially close to the vessel inner wall.
The condensation flow rate is deduced from the information given by the level sensors located
inside the water collection bottles which are periodically emptied by returning the water to the
sump.



IIL2 Containment Experimental Protocol

We briefly describe the part of the FPTO test protocol related to the containment. Its behavior is
controlled by two sets of parameters. The first one is the temperatures imposed to the
containment vessel wall, the dry and wet parts of condensers and sump water. The second set is
made up of the steam and hydrogen mass flow rates entering the containment after having flown
through the bundle (where hydrogen is produced by zircaloy oxidation) and the primary circuit
(see figure 1). Prior to this injection period, which initiates the test properly said, a 24 hour
preparatory phase is necessary to install the following relevant initial conditions /8/ in the
containment:

Total Pressure
Relative Humidity
Condensers Wet

Dry
Gas Temperature
Sump Water

1.97bar+/-32mbar
0.55
90 °C
110°C
108 °C
90 °C

Just ten minutes before the gas injection, the wet condenser coolant temperature is decreased
from the above value down to 74 °C during 31 minutes and then maintained at this value for all
the test duration. Regarding the containment behavior when gases are entering this component, it
is divided into two phases corresponding to the bundle transient: a bundle preparatory phase and
a bundle transient. The mass flow rates to the containment /8/ during these phases are
summarized in the following table :

Steam
(g/s)

Hydrogen
(g/s)

Duration
(mn)

Bundle
Phase

2

0

46

Preparatory

0.5

0

113

0.5

0

16

Bundle

/3(D 3

0

14

Transient

1.07(3)

0.21(2)

7

3

0

28

3/1.5(D

0

38

1.5

0

66

(1): linear variation
(2) : average value deduced from hydrogen production over a 7 minute production
period
(3) variation of the steam mass flow rate from 3 g to 1.07 is a result of zircaloy

oxidation which produces hydrogen from steam in the ratio 9 to 1.
Due to the temperature of the terminal part of the circuit, steam and hydrogen enter the
containment at 150 °C.



IV COMPARISON BETWEEN EXPERIMENT AND CODES

IV.l Comparison between Experiment / Jericho Code

IV.2 1 Boundary and Initial Conditions

The REPF 502 vessel is modeled with five walls : vessel wall, condensing and non condensing
parts of condensers, collar and wetted parts of the sump provided with organic coolant
temperatures laws. No axial or radial wall temperature gradient are taken into account. In
addition, a free sump surface is modeled. The initial conditions are : Ptot = 0.966 bar, Tgas = 20
°C, relative humidity rate 0.27, mass water in the sump 100 kg, sump free area 0.27 m2

composition of atmosphere N2 = 0.9367, 02 = 0.0493 and H2O = 0.014. The main geometrical
characteristics and heat transfer coefficients are between walls and organic liquid coolant:

Component Area
(m2)

Vessel Wall 25.16
Wet Condenser 2.324
Dry Condenser 1.062
SumpCollar 0.303
Wet Sump 0.840

The heat transfer coefficient between the outer vessel wall and the organic coolant is not
determined. The value 2000 W/m2/K has been chosen in such a way that the wall temperatures
will closely follow the variations of the coolant temperatures without too strong variations of the
extracted power. In addition, due to the recirculation of sump water (around 200 I/hour), large
heat transfer coefficients for coolant / wall (see above) and wall / water have been assumed. This
is equivalent to imposing the sump free surface temperature which then becomes a control
surface for boundary conditions. As far as the condensers are concerned, it is possible to
determine from energy balance during the constant steam injection plateaux the coolant/inner
condenser wall heat transfer coefficients. So, from the latter we came up with the following
average value : 350 W/m2/K. Concerning the dry condenser, it is not possible to model the
heating process (electrical device), then the measured surface temperature was imposed with a
high transfer coefficient.

Thickness
(mm)

1.50
0.35
0.35
0.80
0.80

HTC
(W/m2/K)

2000
350
2000
350
4000



From the above remarks, it follows that the transient boundary conditions to be provided as
input to the Jericho code are organic coolant temperature laws. The time origin for the
simulation corresponds roughly to 10 minutes before steam injection. The negative times
correspond to the preparatory phase :

Time
(s)

- 100000
- 46000
- 3600
- 3300

562
22

1200
1260

22000

Vessel
CO

20
110
110
110
110
110
110
110
110

Wet condenser
(°C)

20
90
90
90
90
72
72
74
74

Dry Condenser
(°C)

20
110
110
120
120
120
120
120
120

Sump Collar
CO

20
93
93
93
93
93
93
93
93

Wet Sump
CO

20
90
90
90
90
90
90
90
90

The code linearly interpolates between two organic coolant temperatures. As one can notice, due
to the thermal inertia of all the facility components, a 24-hour preconditioning phase is necessary
to bring the system to the required state before the fission product release.

Except for the hydrogen production phase, the steam injection rate has been determined from the
one produced at the bundle bottom end. The influence of the circuit and containment samplings
was neglected because they were less than 1% of the mass flow rate in the former and less than
5% in volume of the latter. Owing to the measurement accuracy (Hj sensor), it was legitimate to
assume a constant hydrogen injection rate during 7 minutes.

FV.2 1 Calculation / Experiment Comparison

On figure 3, we compare the experimental condensation mass flow rate versus time with the
result of the Chilton-Colburn correlation together with the steam injection rate. The experimental
values are deduced from an addition of the 3 condenser contributions and averaged on collection
bottle filling time periods. The kinetic delay between the condensation flow rate and the steam
injection rate is about 20 mn. One can see that the latter is well reproduced by the Jericho
simulation as well as the absolute value.

Figures 4 to 6 present respectively the rather good agreement obtained between calculated and
experimental values on total pressure, average atmosphere temperature, and relative humidity.
However, one should remark that during the 3 g/s plateau, the condensation flow rate is slightly
under estimated. As a result, the calculated values of the total pressure and average temperature
are slightly higher than the experimental ones.



The information on humidity were given by the two humidity probes (PI6 & P20). The PI6
information have been eliminated because of its inconsistency with the pressure and temperature
values.(the humidity ratio given by P16 could go up to 100 %.) and replaced by an estimate
deduced from the total pressure information. As a matter of fact, the useful piece of information
for comparing zero-dimensional code results to experiment is the one obtained from total
pressure. Figure 6 shows these two series of values compared to the Jericho results with the
Chilton-Colburn (labelled A) and the Uchida (labelled B) correlations. The predictions obtained
with the Chilton-Colburn correlation are within the experimental uncertainties as well as those
obtained from the Collier correlation, not shown here.

On the contrary, when the Uchida correlation is used in the Jericho code the prediction is quite
different. On figures 7 & 8, one can notice that the calculated pressure is lower than experiment
(200 mbar) and the average temperature higher than experiment (about 3 °C) more particularly
during the 3g/s steam plateau. As a result, the humidity ratio is largely under estimated (figure
6). Such code respond with the Uchida correlation can be explained by :

- at the beginning of the transient, as soon as the condenser temperature is decreased, the
condensation flow rate is abruptly switched on at a too large value (see II.2). Then, during the
2 g/s steam plateau, the equilibrium pressure is much lower than the experimental one. This too
low pressure level will be passed on all the transient, acting as a "memory" effect of the initial
condensation behavior. This is due to the correlation which predicts high condensation flow rates
for low values of the steam pressure except an abrupt return to zero when steam density matches
the Tcond saturation density.

- during the 0.5 g/s steam plateau, the condensation flow rate sticks to its previous value (2 g/s)
until the steam pressure matches the Tcond saturation pressure (then it returns to zero). Due to
low steam pressure values, the vessel/atmosphere heat transfer coefficient is lower than the one
obtained in the Chilton-Colburn simulation, and on the other hand the sump evaporation rate is
higher than the Chilton's. In summary, less energy is extracted from the containment.

- during the 3 g/s steam plateau, the condensation flow rate is again activated too abruptly, its
values ranging from 2.4 to 2.6 g/s. The latter are maintained during the steam injection decrease
to the 1.5 g/s steam plateau until the code switches abruptly from a condensation heat transfer to
a natural convection one. This is due to the too small variation of the condensation flow rate
versus pressure.

In summary, the Uchida correlation prediction cannot reproduce the FPT0 steam pressure
transient.

10



IV 2 TRIO-VF SIMULATION OF THERMAL HYDRAULICS

V.2 1 Objectives

The aim of this 3-D simulation was to investigate the circulation flow patterns in the vessel in
order to better apprehend the reliability of a zero-dimensional approach of Jericho thermal
hydraulics and more particularly whether or not steam concentration gradients appeared inside
the containment.

A Trio-VF calculation being very much time-consuming, we have then focused on the most
interesting period of the experimental transient : the major part of the 3 g/s steam injection
plateau, by starting the calculation 20 minutes before the hydrogen injection phase, the period of
decrease down to the 1.5 g/s steam injection plateau, and the first 10 minutes of the latter. After
what it can be assumed that the flow pattern is unchanged.

IV.2 2 The Trio-VF Code

The Trio-VF code 191 has been designed for simulating 3-D flows of incompressible Newtonian
fluids or weakly expandable fluids whose densities depend on local temperature and
concentration values (Boussinesq approximation). In addition, it is possible now to treat
compressible flows, without the presence of shock waves, whose densities vary according to
pressure, temperature and concentration equations of state. Up to four fluid components can be
handled simultaneously. This code can be used to calculate transients or steady states. The three
components of the velocity field, pressure, temperature and concentrations are the standard
calculated values. The flow regime can be either laminar or turbulent. In this latter case a two-
equation transport model is used to describe the turbulent kinetic energy k and its dissipation rate
e. Note that, recently implemented is a large eddy simulation model. Heat sources can be also
simulated within the calculation domain. The condensation phenomenon is treated via the Uchida
correlation.

TV.2 3 Calculation / Experiment Comparison

Due to the cylindrical symmetries resulting from the condenser disposition, it was only necessary
to model a 60 degree sector including a half part of one condenser. We have adopted the
following meshing : 32 axial meshes, 13 radial meshes and 4 azimuthal meshes. The steam
injection line is simulated by a turbulent jet described by only one mesh at the entrance (flat
velocity profile). The containment flow has been supposed turbulent and the k-e turbulence
model has been activated throughout the calculation domain. The initial conditions of
calculations were homogeneous atmosphere temperature, steam and air pressure, deduced from
experimental values.

An analysis of the 3-D velocity field shows a mixed convection flow pattern. In a sector
including a condenser, the jet flow raises up to the containment top vault within the space

11



located in-between the three condensers then the flow gets around the latter and flows
downward both along the external condenser sides and in the space comprised between the
condensers and the vessel internal walls. However, in a vertical plane located half between two
condensers the flow pattern is different: the steam jet, not confined, spreads towards the central
part of the vessel and the velocity field tends to disappear in this zone. As a matter of fact, these
two flow patterns are the result of an horizontal motion due to steam circulation around the
condensers. The circulation below the condensers is exhibited on figure 9. Typical velocities are
0.6 to 0.7 m/s in-between the condensers and about 0.4 m/s (descending velocities) along the
condensing area. The main difference noted between the 3 and 1.5 g/s is the following : for the
first case, the rising velocity along the vessel wall is around 3 cm/s in a region located above the
steam injection line and under the condenser bottom end and almost zero elsewhere whereas it is
about 10 cm/s along all the vessel wall for the second plateau. Figures 9 to 12 show the velocity
field at a time chosen just before the beginning of the 1.5 g/s steam plateau for the two above
mentioned vertical planes and for two horizontal planes situated at the bottom end of condensers
and at the mid-length of the condensing area. Note that the typical velocity values along the
condenser walls are close to the ones found by using a standard natural convection correlation
(0.5 m/s).

As far as steam and hydrogen concentrations are concerned, the analysis of the concentration
maps four hundred seconds after the end of hydrogen injection shows that the steam pressure is
quite homogeneous. The axial pressure difference is about 80 mbar and is located mainly in the
lower part of the vessel, below the steam injection line level. The pressure gradient between the
bulk flow and the condensers is 30 mbar over 15 cm. At this time, the hydrogen pressure is still
homogeneous everywhere except in a 60 cm height zone located in the vessel lower part.

The temperature field, as found in the experiment, is quite homogeneous, except close to the
condensing area, of course, and also in a wanner zone located below the steam injection line. On
the average, the calculated temperature is 1.5 °C higher than the experimental one. The
calculated humidity ratios corresponding to the PI6 and P20 humidity sensor locations are within
the error band : 0.69 at the end of the 3 g/s injection plateau and 0.61 at the beginning of the 1.5
g/s injection plateau. The condensation flow rate kinetics agrees quite well with the experiment.
For example, we get the following calculated values : 2.86 g/s at the end of the 3 g/s injection
plateau and 1.79 g/s at the beginning of the 1.5 g/s injection plateau to be compared respectively
to the experimental ones : 2.46 g/s and 1.86 g/s. The calculated delay between the injection and
condensation flow rates is comparable with the one obtained with Jericho.

These Trio-VP calculations confirm that the well-mixed hypothesis which is used in the Jericho
code to analyse the containment thermal hydraulic part of the Phebus FPT0 test, is correct. Apart
from a short period of 400 s after the hydrogen injection, the atmosphere composition is quite
homogeneous and, on the other hand, the typical circulation velocity close to the condensers is
compatible with the Jericho natural convection approach.

12



V CONCLUDING REMARKS

The zero-dimensional (Jericho code) description of the Phebus FP containment leads to a
satisfactory simulation of the Phebus FPTO transient when use is made of the Reynolds analogy
for the condensation flow rate calculations (Chilton-Colburn & Collier).

Such an agreement is only possible if:

- the well-mixed atmosphere hypothesis is verified,

- the natural convection heat transfer coefficient used in the Jericho code copes with the
real natural convection pattern,

- the condensation flow rates per unit area are within the range of applicability of the
Reynolds analogy,.i.e. the heat and mass transfer coupling is negligible.

In spite of the complex flow around the condensers, the Trio-VF calculation shows the well-
mixed hypothesis is valid and that the axial velocity along the condensers is similar to the one
predicted by natural convection.

The Uchida correlation over predicts the condensation flow rate during the 2 and 0.5 g/s parts of
the FPTO thermal hydraulic transient and, on the other hand , a "memory" effect is introduced for
the following 3 and 1.5 g/s parts because of a lack of progressivity of the condensation rate
versus steam pressure behavior. Such a discrepancy is not observed in the Trio-VF calculation
although it uses the Uchida correlation because only the 3 and 1.5 g/s phases are analysed. This
is not surprising since the results of the preliminary thermal hydraulic tests show that the Uchida,
Collier and Chilton-Colburn results are comparable only in the 2 g/s/m2 range.

From an assessment point of view, the Collier and Chilton-Colburn condensation models are
satisfactory in a range of condensation rate per unit area covering the FPTO transient and the
PWR accident case.

13
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FIGURE CAPTIONS:

Figure 1 : Schematic view of the Phebus FP test facility

Figure 2 . Schematic view of the REPF 502 containment vessel

Figure 3 : Jericho / experiment comparison on FPTO test condenser flow rate

Figure 4 : Jericho / experiment comparison on FPTO test total pressure

Figure 5 : Jericho / experiment comparison on FPTO test average temperature

Figure 6 : Jericho / experiment compariso on FPTO test humidity ratio

Figure 7 : Jericho / experiment comparison on FPTO test total pressure
Uchida correlation

Figure 8 : Jericho / experiment comparison on FPTO test average temperature

Uchida correlation

Figure 9 : Trio-VF velocity field in a vertical plane at t = 5000 s (y = 0.924 m)

Figure 10 : Trio-VF velocity field in a vertical plane at t = 5000 s (z = 0.175 m)
Figure 11 : Trio-VF azimuthal velocity field at the beginning of the 1.5 g/s steam plateau

Bottom end of dry condenser

Figure 12 : Trio-VF azimuthal velocity field at the beginning of the 1.5 g/s steam plateau
Mid-plane of wet condenser
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Figure 7

Figure 8
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Figure 9 : Trio-VF velocity field in a
vertical plane

Figure 10 : Trio-VF velocity field in a
vertical plane
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TRIO-VF / VIVIANE Figure 11

OT013096 M/S

TRIO-VF / VIVIANE Figure 12
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