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SYNTHESE :

Dans les gonflements des gaines des crayons combustibles peuvent se produire
en cas d'Accident de Perte de Réfrigérant Primaire (APRP). Les blocages sévères qui
en résultent induisent des effets tridimensionnels sur la thermohydraulique de
l'écoulement dans le cœur pendant la phase de renoyage.

Pour mieux comprendre ces phénomènes et améliorer leur modélisation dans le
code CATHARE, il est nécessaire d'utiliser des outils de calculs tridimensionnels. En
1990, EDF a lancé un programme de développements et de validation du code
3D THYC pour analyser la thermohydraulique de l'écoulement en phase de renoyage,
dans les faisceaux partiellement bouchés. Le principal objectif est de calculer les
températures des crayons en aval du front de trempe, lorsqu'ils sont refroidis par un
mélange de vapeur surchauffée et de gouttelettes à saturation (écoulement à
brouillard).

Cette note présente tout d'abord le modèle THYC développé pour les études de
renoyage. Deuxièmement, on présente les premiers résultats de validation sur un essai
FEBA réalisé dans un faisceau de 5x5 tubes chauffés électriquement avec un blocage
3x3 de 62 %. Le blocage est simulé par des manchons épais en acier inoxydable, fixés
sur les crayons chauffants, avec un gap de vapeur entre la gaine et le manchon.

Troisièmement, on examine les prédictions du modèle sur un transitoire
d'APRP grosse brèche dans une zone (11x11) de cœur REP 900 MW avec un blocage
central (3x3).

THYC simule le transitoire dans le faisceau autour et au-dessus du blocage,
jusqu'à l'entrée du front de trempe dans le domaine de calcul. Au préalable, un calcul
CATHARE ID, sur le domaine complet, donne les conditions limites (manquantes à
l'entrée du domaine FEBA), et, dans le cas réacteur, la déformation des crayons
combustibles gonflés.

L'analyse des résultats porte surtout sur l'évolution des températures de gaine
dans les zones de blocage et de by-pass.

Dans la simulation de l'essai FEBA, THYC retrouve les principales
observations à l'intérieur du blocage. Les manchons des crayons "gonflés" ont des
températures inférieures aux gaines des crayons standard car le gap en vapeur limite la
puissance transmise du crayon chauffant au manchon.

Dans le cas du cœur, le modèle prédit le résultat inverse. A l'intérieur du
blocage, les crayons gonflés ont des températures plus élevées que les crayons
standard. On montre par des études de sensibilité que ces différences de comportement
entre les crayons avec manchons FEBA et les crayons combustibles du cœur
proviennent des différences d'inertie thermique (épaisseurs et matériaux).
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EXECUTIVE SUMMARY :

In Pressurized Water Reactors (PWR), ballooning of the fuel rod claddings may
occur during a Loss Of Coolant Accident (LOCA), since the fuel rod claddings are
heated up, and the system pressure is low. The severe blockages that may result induce
cross-flow diversion and three-dimensional effects on thermohydraulics in the core
bundle, during the reflood phase.

To improve the knowledge of these phenomena and their physical modelling in
the "best estimate" code CATHARE, 3D computer codes are needed. In 1990, EDF has
started up a development and validation program of the 3D THYC computer code to
analyze the thermohydraulics of the flow during the reflood phase, in partially blocked
bundles. The main objective is to calculate the temperatures of the rods above the
quench front, when they are cooled by superheated steam with satured droplets (mist
flow).

First, this paper introduces the THYC model developed "for reflood studies.
Secondly, we report the first qualification results on a Flooding Experiments with
Blocked Array (FEBA) test performed in a 5x5 rod bundle electrically heated with a
3x3 62 % flow blockage. The blockage is designed by thick stainless steel sleeves
attached to the rods with a steam filled gap between cladding and sleeve.

Thirdly, we analyze the model predictions on a large break LOCA transient, in
a 900 MW PWR 11x11 core area with a 3x3 central blockage.

THYC simulates the transient in the bundle around and above the blockage,
until the quench front enters the computational domain. Previously, a ID CATHARE
simulation, on the whole domain, gives the boundary conditions (missing at the FEBA
domain entrance) and, in the reactor core case, the deformation of the blocked fuel
rods.

The results analysis focused on the time evolution of the clad temperatures in
the blocked and in the bypass region.

In the FEBA test simulation, the main observations are properly predicted
within the blockage. Temperatures are lower in blocked rod sleeves than in unblocked
rod claddings since the steam gap reduces the power transmitted by the heater rod to
the sleeve.

In the core case, the model predicts the opposite result. Within the blockage,
ballooned rod temperatures are higher than unballooned rod ones. We show by
sensitivity studies that these behaviour difference between FEBA rods with sleeves and
core fuel rods come from thermal inertia differences (thickness and material).
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loft BLANK

95NBM071

(HT 33/94/01 I/A)



COMPUTATION OF 3D THERMOHYDRAULICS
IN PARTIALLY BLOCKED BUNDLES DURING

THE REFLOOD PHASE OF A LOCA :
THYC QUALIFICATION ON THE FEBA EXPERIMENTS

AND PWR REACTOR CORE APPLICATIONS

CICERO G.M., BRIERE E.
EDF, Direction des Etudes et Recherches

Paris, France

FORNACIARI G.
EDF, Service des Etudes et Projets Thermiques et Nucléaires

Lyon, France

INTRODUCTION

During the refill and reflood phase of a LBLOCA, the
fuel rod claddings may reach-very high temperatures and have
very high internal pressures compared to the pressure outside
the rods. Both effects combination may cause the Zircaloy
claddings to swell and burst. The severe blockages that may
result induce cross-flow diversion and three-dimensional
effects on thermal-hydraulics in the core bundle, during the
reflood phase.

To improve the knowledge of these phenomena and their
physical modelling in the best estimate code CATHARE, 3D
computer codes are needed.

In 1990, EDF has started up development and validation
program of the 3D THYC computer code to analyse the
thermal-hydraulics of the flow during the reflood phase, in
partially blocked bundles. The main objective is to calculate
the rods temperature above the quench front, when they are
cooled by superheated steam with saturated droplets (mist
flow).

Three specific developments necessary to create a "reflood
THYC model" were identified. They are related to the
modelling of the wall to fluid heat transfer, the interfacial
mass transfer and the relative velocity for mist flow.
Presently, the first two have been carried out introducing
closure laws issued from the CATHARE code.

On the one hand, the validation program is based on the
Flooding Experiments with Blocked Array (FEBA) performed
in a 5x5 heater rods square bundle. It includes THYC
simulations in the bundle with a 3x3 partial flow blockage of
62% and 90%.

On the other hand, the reflood THYC model is tested on a
large break LOCA transient, in a 900 MW PWR core area
(11x11) with a central blockage (3x3). Fuel rod deformation
and boundary conditions are previously computed by a ID
CATHARE simulation.

This article presents the first qualification results of the
reflood THYC model, on a FEBA test simulation with the
62% flow blockage. In a second part, we analyse the model
predictions on the reactor core application by sensitivity
studies. In both FEBA and core cases, the results analysis
focuses on rod cladding temperatures in the blocked and in the
bypass region.

FEBA EXPERIMENTS DESCRIPTION

FEBA reflood program
Forced flow bottom reflood transients were performed by

KFK in thx. FEBA test assembly in Karlsruhe. The overall
program included both tests in a 1x5 and 5x5 iod bundle
electrically heated [IHLE 1, 1984].



FEBA 5x5 rod bundle with a 62% flow blockage.

The program of the FEBA 5x5 rod bundle consisted of
eight test series, to identify grid spacers and flow blockages
effects on reflood heat transfer.

Test section and blockage design
The test section (Fig. 1) was a square array of 25 heater

rods surrounded by a thick stainless steel housing. The rod
diameter is 10.75 mm and the pitch, 14.3 mm. The housing
is so dimensioned to simulate an infinite bundle of 13.47
mm of hydraulic diameter.

The heater rods (Fig. 2) were constructed with a spiral
wound element embedded in magnesium oxide insulators.
The cladding, 1.05 mm thick, was in contact with the
insulator. Both the heating element and the cladding were
made on NiCr.

The heating length was 3.9 m and the cosine power
profile of the nuclear fuel rods was simulated by a seven step
power profile with a maximum peak to average ratio of 1.19.
The undisturbed bundle geometry had seven grids spaced from
545 mm.

In test série IV, the midplane grid was removed to place a
62% flow blockage of a 3x3 rods. The blockage was placed
in a corner of the square bundle to represent one quarter of a
10x10 rod bundle with a blocked 6x6 cluster in the center.

The clad ballooning of the fuel rods was simulated by
stainless steel sleeves (Fig. 3) attached to the rods. The
sleeves were cylindrical and touched each other in the fully
reduced cross section (125 mm). The total length including
the conical ends was 180 mm. The gap of 0.8 mm between
the cladding and the sleeve was filled with stagnant steam.

The subchannels between sleeve blockages and housing
were blocked by side plate devices to uniformize the blockage
ratio.

Instrumentation and procedure
The external instrumentation consisted of test

parameters : power, flow meter, fluid temperatures, pressures
and differential pressures. The internal instrumentation
consisted of thermocouples in claddings, sleeves, fluid and
housing at various radial and axial locations.

Filler Material (Mgo)

Heater Element (Ni Cr80 20)

Insulator (MgO)

Cladding (Ni Cr 80 20)

Dimensions in mm

Fig. 2 : Cross section of the FEBA heater rod.

Prior to reflood, the fuel rods were heated up for 2 hours
in stagnant steam at a low power level. During this period,
the housing was heated up by radiation from the rods. Once
the claddings and the housing had reached the required initial
temperatures, reflood was initiated increasing the power and
injecting water with constant flow rate and temperature.

The power was then decreased according to the ANS +
20% curve during the remainder of the tests. The outlet
pressure is constant during the whole procedure.

10.75

143

STEAM
GAP

NiCr80 20
CLADDING

INOX
t 316

Fig. 3 : FEBA 62% sleeve blockage.

THYC SIMULATION ON FEBA TESTS
THYC simulates the transient in the bundle around and

above the blockage, until the quench front enters the
computational domain. The boundary conditions missing at
the domain entrance have been computed previously, by a ID
CATHARE simulation on the whole bundle.



Simulations are related to test n° 262 [IHLE 1,1984]
performed with the below main test parameters :

Flooding velocity ' 3.8 cm/s
Feed water temperature 54 °C- 43 °C
System pressure 2.2 bar
Peak rod power 7.2 kW
Initial peak rod temperature 71S °C
Initial peak housing temperature 674 °C

Computational domain and geometrical modelling
The THYC computational domain is the 25 heater rod

bundle inside the housing. Inlet is chosen upstream of the
blockage at level 2380 mm and outlet is at the top of the
bundle (level 0). The three grids in between are taken into
account by a singular pressure drop coefficient.

The domain is divided into 71 planes with a 6x6 grid for
each plane, crossing the rod centers. Axial meshing is fitted
to axial power profile, grids, blockage and thermocouples
locations. The blockage length is divided into 13 plans from
9 to 25 mm to model the sleeve diameter and thickness
variations.

In the cross section, unblocked rods are divided into 51
isovolumic concentric zones to simulate accurately each area
related to the heating element, insulators and cladding. For
blocked rods, an additional zone simulates the sleeve.
Stagnant steam in the gap is modelled by classical radiative
and conductive heat transfer coefficients :

"gap — "cond "*" " ray

"cond ~

h r a y -

(Re-Ri)

c T4- - T 4
1pi xpe

R i , 1 Tni - T ,
pe

Material density, specific heat, conductivity and
emissivity depend on temperature. For cladding and heating
element, we have used the properties of inconel 600 which
are quite close to NiCr 80 20 in chemical composition.

- an HTFS two-phase flow multiplier developed by
[WHALLEY, 1981] for two-phase pressure loss.
- a singular pressure drop coefficient for grid spacers.

If heater rods touch each other in the blockage, we
impose zero for diffusion terms and infinite value for radial
pressure loss, since there are no cross-flow effects.

The specific developments of the model are related to heat
and mass transfer closure laws. We have used the CATHARE
correlations [BESTION 1, 1990] for mist flow regime
upstream of the quench front,

The total heat flux from the wall to the two-phase
flow results from convective and radiative contributions on
each phase :

- the wall to vapor convective heat flux is given by

qpv =Max(hb,hcng,hcfg).(Tp-Tv)

• ht, is dominant for low void fractions and velocities
(pool boiling or inverted annular flow),
- hcng is a natural convection heat transfer coefficient,
in case of no velocity,
- hcfg is th

given by :

- hcfg is the forced convection heat transfer coefficient

= -^-Max{l66 , 0.023Reg
0-8 Pr°'4}

cfg

with Reg =
D'Jig

andDhg=Dh(l-VÎ::oT)

- the wall radiative heat fluxes to vapor ( q™ ) and liquid

(qrpi) are given by [DERUAZ, 1976]. This model considers

a dispersed flow of uniform size droplets with scattering and
grey absorption by drops and non grey absorption by the
vapor. The heat fluxes general expressions are :

THYC physical model for reflood studies
THYC main characteristics (modelling principles and

numerical methods) with recent developments and validations
were described by [CAREMOLI, 1993]. Therefore, we just
highlight the "reflood THYC model" options, giving more
details for specific developments.

The model is based on a porous medium approach with a
transient time-space-averaged model including three balance
equations for the two-phase mixture and a vapor mass balance
equation. As far as mist flow regime is concerned, the liquid
phase is saturated and we recall that there is no relative
velocity. The model is supplemented by conducdon equations
in fuel or heater rods, with the above gap coefficient between
cladding and sleeve.

We have useo classical standard THYC correlations :
- [CHENG, 1984] for turbulent viscosity and conductivity.
- [BLASIUS, 1913] and [TOEL'CIK, 1969] for axial and
radial single-phase pressure loss

qipi54(TpTsatXa)
a is.

To close this radiation model, an average drop size
correlation is necessary. The model used [BESTION 1,1990]
estimates first the maximum droplet size carried by the
vapor :

g(Pl~Pg)

This value is then reduced by a break up factor f%, due to
droplet impact on spacer grids :

fB=(We)-n with



- near a short distance above the quench front, heat
transfer is higher due to turbulence and droplet ejection by
sputtering and bubble bursting. It is taken into account by a
heat flux devoted to the liquid vaporisation [JUHEL D.,
1984] :

qpl = 7000(l-<x)Max( 0 , l-

The quench front progression (Zft), is provided by the
CATHARE simulation.

The interfacial mass exchange results from two
mechanisms : the vapor to liquid heat transfer (T]v) and the
liquid vaporisation due to the wall (Fq). In THYC code, each
term is given by correlations on a relaxation time ( T ) and a
fraction ( % ) of the total heat flux.

r lv=e fpr
C*-C

Scf
q ' H v - H , Vol

- the heat flux fraction devoted to the liquid vaporisation
is given by :

_
«hot

- and the relaxation time is given by :

T - _ D ( C * - C ) ( H _ H , )

where <6jv is the vapor-to-liquid volumetric power. This
is linked to the droplet diameter used in radiative heat
transfer.

with Nu = 4+0.57 Reg
0-5 Prg

0-33

pgMax(Vg-V,|, 0.5)8
and Re» =

Boundary and initial conditions
The reflood transient was first simulated by CATHARE

on the whole bundle to compute the two-phase mixture
properties imposed as inlet boundary conditions : mass flow
rate, dynamic enthalpy and dynamic steam quality. The other
conditions are test parameters : power decay and constant
pressure at the outlet.

In both code simulations, transient was initialised with
the average temperature profile measured in the rods and
stagnant steam at 300 °C and 2.2 bar.

F O A SWETV TEST 2H . I E V & 2IIS imt

100 ISO
TIME (0

Fig. 4. THYC predictions and data comparison on
cladding temperatures.

OTA JESJE iv nsria - l o m a a m

TOYClliotl
DATArlincipa'nu

100 ISO
TIME (I)

Fig. 5. THYC predictions and data comparison on
cladding and sleeve temperatures.

FEDA SERIE IV TtST 242

Fig. 6. Heat fluxes computed by THYC at inner and
outer diameter of sleeve and cladding.

Results and data comparison
Cladding and sleeve temperatures computed by THYC

have been compared to measurements [THLE 2, 1984] at
instrumented levels (increasing) from 2125 mm to 1725 mm.

Upstream of the blockage, at level 2125 mm (Fig. 4), the
computed cladding temperatures are quite the same for
blocked and unblocked rods. They are very close to
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BLOCKAGE REOION
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TIMEW

Fig. 7 : THYC predictions and data comparison on
cladding and vapor temperatures.

measurements till the maximum is reached. When
temperatures decrease, the code over predicts the data,
meaning that heat transfer enhancement, due to quench front
approach, is underestimated. We expect to improve the
results on this point using a relative velocity. Indeed, heat
flux qp| will increase with liquid fraction (1-oc).

In the middle of the blockage (level 2025 mm - Fig. 5),
the sleeve temperature of the blocked rod is lower than the
cladding temperature of the rod in .the bypass. Because of the
stagnant vapor in the gap, the sleeve receives only 50% to
80% of the power supplied by the heating element. (See Fig.
6, heat flux curves at inner surfaces of sleeve and cladding
respectively).

This figure shows that, at the beginning of transient, heat
flux at the outer diameter is higher than heat1 flux at the
inner sleeve diameter. Both curves cross each other around
30 s and 150 s. Hence the sleeve temperature (Fig. 5)
increases from 30 s to 150 s and decreases at the beginning
and at the end of the transient. The peak temperature reaches
respectively 760 °C (at 150 s) and 800 °C (at 175 s), on
computed and experimental curves. This difference is
probably due to an over-estimation of the wall-tOrfluid heat
transfer. Gap heat transfer is well predicted since the
computed temperature differences between cladding and sleeve
satisfy with experimental data curves.

The cladding temperature of the unblocked rod in the
bypass is very well predicted by the code. As seen before, the
temperature time history results from the balance between the
power supplied inside the cladding and the power expelled by
the fluid outside (Fig. 6). We can notice that the wall to
fluid heat flux is higher in the bypass than in the blockage
because of flow deviation in the bypass. On average, THYC
computes an axial mass flowrate (efpmVmz) 30% higher in
the bypass than in the blockage.

Downstream of the blockage, the greatest differences
between predicted and measured peak temperatures are
observed at the blockage outlet (level 1925 mm). They are
about 40 °C and 55 °C in the blockage and in the bypass
region, respectively. The computed cladding temperatures are
above the measured value, in the blockage, and below, in the
bypass. The same qualitative results are observed a little
further at level 1825 mm, which is also instrumented with

x *»

m

Fig. 8 :

^ l ^ * f

TllYC:c!«Minj

" I " **" BYPASS MGION

THYC predictions and data comparison on
cladding and vapor temperatures.

fluid thermocouples, in the blockage (Fig2. 7) and in the
bypass (Fig. 8) regions.

These figures show that THYC predictions on vapor
temperatures are significantly below data measurements. This
very point can be explained considering that the present
model has no relative velocity : since droplet break-up on
grids increases with liquid impact velocity, the model
underestimates the droplet size because the break-up factor fs
is computed with the mixture velocity, which is higher than
the liquid one. Minimising, the droplet size increases the
interfacial heat transfer and consequently the vapor
desupcrheat.

In the near future, an axial relative velocity will be
implemented, based on interfacial friction models used in
CATHARE [BESTION 1, 2, 1990]. As far as radial relative
velocity is concerned, sensitivity studies will be carried out
since correlations are not available in literature.

An overview of qualitative results is given (Fig. 9) by the
cladding and vapor temperature profiles at 125 s. The vapor
temperature profile is higher in the blockage region because
of cross flow diversion in the bypass. Claddings have
opposite behaviours in the blockage and same behaviours
downstream of it. Moreover, the computed temperature
differences, between blocked and unblocked claddings, are
overestimated compared to data measurements.

FEBA SBUEIV TEST 262.TO1E I

cUddioc

i ï

THYC:btock»ic -
bypm •

DATA:b!«kj|e
bu

.2400 -U00 .22» -2100 •»» .1900 -IS» .1700 '-I'MO
ITVELZ lim)

Fig. 9 : Cladding and vapor temperature profiles along the
blockage at 125s

i Inner and outer heat fluxes are related to wall-to-fluid heating surface. 2 Errorbais mean vapor temperature fluctuations amplitude.
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(Balloonedrods ) (ûJJballooncdrodQ

Fig. 10 : THYC computational domain and radial meshing
of the core array.

Discussion : As grid spacers [YAO, 1982], blockages
increase turbulence and droplet break up downstream of their
location. FEBA report [EHLE 1, 1984] also suggests the
falling back of larger droplets due to reduced steam velocity
in the wake of blockages with bypass. These mechanisms
increase heat transfer and compensate effects of mass flow
reduction. They may partly explain differences between
computation and data results, since they are not taken into
account by the model. Prior to developing models of these
phenomena, such as in RELAP5 [NTTHIANANDAN, 1992],
we intend to estimate the relative velocity effects, on the
results downstream of the blockage.

THYC SIMULATION ON A 900 MW PWR
COKE

Domain and transient studied
We consider an "hypothetic" 900 MW PWR core array of

11x11 fuel rods with a 3x3 ballooned rods in the center
(Fig. 10). The standard rod diameter is 9.5 mm and the pitch
is 12.6 mm. Axially, we consider the heated length of 3.6 m
without grids (Fig. 11).

A LBLOCA is simulated by CATHARE on this
geometry, to select the domain and the transient to be
simulated by THYC.

Ballooning of the fuel rod claddings occurs during the first
27 s till the clad bursts. The THYC domain inlet is chosen at
z= 1.19 m, upstream of the-ballooned section computed by
CATHARE (Fig. 12). The domain outlet is at level z= 3.1
m.

THYC transient starts at 27 s, when the cladding
deformation is completed, and stops at 80 s, when the quench
front is entering the domain.

a

REACTOR VESSEL
UPPER PLENUM

THYC CO}s*>UTATIONAL DOMAIN

REACTOR COREy
/

Fig. 11 : Schematic view of the computational domain.
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AA/ \
THYC INLET / \ THYC

îv V. i
UTLCT
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•

•

0.5 1 1.5 : 2.5 3 3.5 «
LEVEL tnt

Fig. 12 : Profiles of the cladding external radius.

Computational domain and geometrical modelling
In the bundle cross section, the computational domain is

a quarter of the physical one and radial meshing is a 10x10
array (Fig. 10). Axially, the domain is divided into 63
regular meshes.

The fuel rod cross section is divided into 10 isovolumic
areas in the pellet and one area in the cladding. Radial and
axial power variations are taken into account in the fuel rod
pellet. The gap heat transfer is modelled considering
conduction through helium and radiation between pellet and
cladding.

Material properties and gap heat transfer coefficients are
given by CATHARE correlations.

12
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Fig. 13 : THYC predictions on cladding temperatures.
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Fig. 14 : THYC predictions on cladding temperatures.

I.: 1.4 1.6 1.8 2 3.2 14 16 18 3 3-2

Fig. 15 : THYC cladding and vapor temperature profiles
at 80s
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Fig. 16 : Sensitivity studies : THYC predictions on
cladding temperatures.

Physical model
The physical model is the same as in FEBA simulation

except for heat transfer enhancement at the quench front
vicinity which is neglected (qp] =0) .

Boundary and initial conditions
All boundary conditions are given by CATHARE :

power decay, outlet pressure and inlet, mass flowrate,
dynamic enthalpy and steam quality of the mixture.

Transient is initialised with CATHARE data at 27 s :
- temperature profiles (radial and axial) of ballooned and
unballoonedrods,
- uniform vapor temperature and pressure.

THYC simulation results
As in FEBA test simulation, we compare the predicted

temperatures of ballooned and unballooned fuel rods, at
various levels.

Upstream of the blockage as well as for low flow
blockages (see Fig. 13 at level z= 1.6 m), cladding
temperature time histories are very close, for both rod types.

As flow blockage increases, different behaviours occur
between ballooned and standard rod temperatures. We observe
the same qualitative results in the ballooned section as shown

on figure 14, at the peak deformation level (z = 1.97 m). At
the beginning of transient, the cladding temperatures of
ballooned and standard rods are translated. Temperatures
increase during the adiabatic phase (27 s - 31 s). They
decrease at the beginning of the reflood till 40 s when they
reach a minimum. At this point the cladding temperature
histories are quite different. A higher increase is observed in
the ballooned rod temperature.

On the temperature profiles at 80 s (Fig. 15) we confirm
that the cladding temperature of the ballooned rod increases
with the flow blockage and follow the vapor temperature.
The highest temperature is located downstream of the peak
cladding deformation, at level z= 2.1 m.

Discussion : The reflood THYC model points out that
cladding temperatures still increase at the end of the transient
and are quite close to the safety criteria (1200 CC) at
z= 2.1 m. However, we can't consider the model as qualified
downstream of the blockage, since the cladding temperatures
are overestimated. We expect that the peak cladding
temperatures will be modified introducing a relative velocity
in the model.

On the other hand, predictions in the core case are very
different from experimental observations and from THYC
computation results in FEBA. Therefore, we have made
sensitivity studies on the parameters which differ from a

13



geometry to another : droplet diameter, gap heat transfer
coefficient and thermal inertia.

- The droplet diameter was multiplied by 1.5 to reduce
droplet break up, since no grids are considered in the core
domain.

- The gap heat transfer coefficient was divided by 2 to take
into account gap differences : helium between pellet and
cladding of the fuel rods, and steam.between cladding and
sleeve of the FEB A heater rods.

- The thermal inertia pCp was multiplied by 3 to
compensate material and thickness differences. Zircaloy
claddings are 0.57 mm thick while stainless steel sleeves are
1.05 mm.

Figure 16 shows the results on the ballooned rod cladding
temperature, at z= 1.97 m. The droplet diameter and gap heat
transfer coefficient have only quantitative effects since the
curves are translated from the cladding temperature computed
with the standard model. On the opposite, thermal inertia
influences both qualitative and quantitative results. Moreover,
with identical gap and cladding inertia, the slope of the
ballooned rod temperature in the core simulation becomes
very similar to the sleeve one, computed in FEBA
simulation.

CONCLUSION
The qualification results of the reflood THYC model on a

FEBA test simulation have shown,that :
- within the blockage, the main observations are

predicted and explained by the code. The steam filled gap
reduces the power transmitted by the heater rod to the sleeve.
Therefore, temperatures are lower in blocked rod sleeves than
in unblocked rod claddings.

- downstream of the blockage, cladding temperatures are
overestimated for blocked rods and underestimated for
unblocked ones. Moreover, vapor temperatures are
significantly under predicted by the code in both blockage and
bypass regions.

The same model has been used to simulate a LBLOCA in
a 900 MW PWR core array, with fuel rod deformation and
boundary conditions computed by CATHARE.

Within the blockage, predictions on cladding time
histories were totally different from FEBA experimental and
simulation results. The ballooned rod temperatures are higher
than the unballooned rod ones.

Sensitivity studies have shown that droplet diameter and
gap heat transfer coefficient could affect cladding temperatures
quantitatively. But most of the behaviour differences between
core and FEBA simulations, come from thermal inertia
differences.

Further developments of this THYC model are necessary
to improve predictions downstream of the peak deformation
level, when claddings reach the highest temperatures.
New qualification on FEBA and SEFLEX [1HLE 3, 1986]
tests and core simulations will be carried out with relative
velocity correlations.

NOMENCLATURE

B,B*
C

c*
CP

Dh

fe
H
h
k,k*

K,K*

P

Q

q
Scf
Re
Ri
T
V
Vol
z
a
6
Ef

Ep

*
r
X
V-

p
cr
o>

Subscripts
c
e
f
a
a
1

M
m
p
q
r
sat
V

: Emissivity coefficients, dimensionless
: Static steam quality, dimensionless
: Static thermodynamic steam quality,

dimensionless
: Specific heat, J/(KgK)
: Hydraulic diameter, m
: Break up factor, dimensionless
: Enthalpy, J/kg
: Heat transfer coefficient, W/(m2K)
: Single phase absorption coefficients,

dimensionless
: Two phase absorption coefficients,

dimensionless •
• Pressure, bar
• Mass velocity, Kg / (m2s)

: Heat flux, W/m 2

: Wall to fluid heating surface, m2

. External radius of the inner wall, m

. Internall radius of the outer wall, m
Temperature, K

• Velocity, m/s
Volume, m
Axial length, m
Void fraction, dimensionless
Droplet diameter, m
Fluid porosity (fluid volume to total
volume ratio), dimensionless
Wall emissivity, dimensionless
Volumetric power, W/m
Volumetric rate of vapor mass generation,
Kg/(m3s)
Thermal conducdvity, W / m / K
Dynamic viscosity, Kg / m / s

Density, Kg/m3

Superficial tension, Kg/s2

Stefan constant, W/(m2K4)

convective
external
fluid
gaz
internal

• maximum
mixture
wall
heat flux
radiative

. saturation

. vapor

Dimensionless numbers
Nu
Pr
Re
We

• Nusselt
. Prandtl
. Reynolds
: Weber
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