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The Rosace code was mainly developed to get an

evaluation of the sensitivity of fuel thermal performances to

design parameters such as geometry, density and so on.

From our point of view, such a code has not to be able

to give an a priori entirely faithful description of fuel behaviour

in any imaginable situation. We can best satisfy ourselves with

a thorough special calibration of the code within the restricted

area of any specific investigation. That is the reason for the

rather light structure we have built for the Rosace code ; we

are now describing this structure in more details.

I - GENERAL FEATURES

Rosace is a one-dimension code with a spatial division

in concentric annular rings and axial sections. These elements

are considered homogeneous in content and are delimited by the

inner and outer radius and the inner and outer temperature ; all

other quantities are averaged within the elements.

The pin is defined in an initial state which is unir-

radiated fuel, clad and plenum gas at room temperature.

Then, the irradiation is described through successive

steps of time by the specification of the irradiation conditions

for these steps : duration, linear power (or neutronic flux)

entry temperature and flow rate of the coolant, axial curve of

the neutronic flux. The values are defined for the end of each

step and are used to give the thermal stationary state of the

pin at the end of the step ; but an intermediate thermal statio-

nary state is formely computed with an average value for the

irradiation conditions in order to allow a definition of the

mean thermal field and geometrical state in which all the time

consuming phenomena will evolve. The required step is in fact

automatically divided into intermediate steps whose duration is

determined to avoid too large temperature changes during the

steps .

II - CHARACTERIZATION OF THE PIN
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The pin is initially characterized by the following

data :

II.1.- Fuel characterization

- Pellet density

With no distinction between open and closed porosity.

This distinction will not be raised during the irradiation

since gas release as well as fuel swelling are treated by

empirical laws ; furthermore not enough information is avai-

lable on the dependance of mechanical properties on the

balance between open and closed porosity. Pellet density

specification mainly influences fuel thermal conductivity and

central hole size after restructuration.

- Plutonium content

Is known to influence the thermal conductivity and

melting temperature of the fuel.

- Oxygen content

Has an effect on the thermal conductivity and thermal

expansion of the fuel.
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- Pellet internal and external diameter



II.2.- Cladding characterization

- Cladding internal and external diameter.

- Parameters needed for the swelling and creep laws;

11,3.- Plenum gas characterization

- Initial composition of the plenum gas.

- Volume of the plenum.

- Initial gas pressure.

II.4,- Coolant Chanel characterization

- Mean pressure in the chanel.

- Hydraulic diameter and flow section.

Ill - THERMAL STATIONARY STATE

the following procedure is used to calculate geometry

and temperatures during and at the end of each step. It is applied

to each axial section along the stack. No allowance is made for

axial thermal fluxes as they can be neglected.

III.l.- Power production through the fuel

The calculation is based on the fissile atoms distribu-

tion through the fuel which results from the last step.

III.2.- Coolant and cladding external temperature calculation

This is made taking into account the predetermined

temperature in the section which lies just below, the power

extracted from the section and the coolant chanel parameters

(flow rate, flow section, hydraulic diameter, specific. heat,

thermal conductivity).

ill.3.- Cladding internal temperature

Calculated from the external cladding temperature and

the linear power extracted with the cladding thermal conduc-

tivity.

III.4.- iterative procedure

the temperatures in the fuel depend On the thermal

conductance in the gap which depends in turn on the thermal

expansion of the fuel so that ah iterative procedure is

needed to determine both geometrical and thermal state of

the fuel.

No allowance is made for the stresses which may hot

be entirely relaxed in the fuel as it has been demonstrated

that: the oxide fuel is so brittle at low temperature that

it will crack as soon as there will be some 260 or 300° C

difference between the hot arid cold radius of the pellet

and there will be afterwards rid difference in fuel geometry

with a fuel which would have been initially cracked;
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The successive steps of the procedure are the foll6-

wing

Iil.4.1,- Calculation of the power prbducEiori arid heat fluxes

III.4.2.- Calculation of the heat transfer through the gap,

taking into account the thermal conductivity of the gas

mixture which is considered homogeneous in the whole gas ple-

num ; it also contains a radiative part. When the diametral

gap is smaller than 10/» a linear interpolation is made

between the heat conductance for a 10^- gap and the conduc-
2

tance through contact which is taken equal to 2 W/cm /°C.

In any case this value is taken as a maximum value.

III.4.3.- Calculation of the temperatures in the fuel with the

local heat fluxes and thermal conductivity values (depending

on local fuel density, tsxygen and plutonium content).



III.4.4.- Calculation of the associated oxygen profile through

the fuel which is supposed to be instantaneously settled.

The calculation is based on a linear variation of the oxygen

potential with temperature. The oxygen potential is obtained

in function of the local temperature, oxygen and plutonium

content with a specific model [_ \_J.

III.4.5.- Geometrical state of the fuel

The thermal isotropic expansion is calculated in each ring in-

dependantly with a law depending on temperature and oxygen

content. The radial position of each ring is then found by

getting the rings close together without any deformation.

This is only a first estimation, since the fuel external

diameter may exceed the inner cladding diameter. If it is

the case a relocation of the fuel by mechanical interaction

with the cladding is necessary and will be described next

but we assume no consequence on fuel temperature since the

simplified conductance we use does not include any dependence

On contact pressure.

IV - FUEL CLADDING MECHANICAL INTERACTION

Rosace is not able to treat mechanically the problem

of the interaction which is merely represented by a simple

two. zones model calibrated with the help of the TUREN code

which is truly mechanical. The external zone of the fuel is

harder than the internal one. The two zones are delimited by

an isotherm, the temperature of which depends on the type of

interaction. During a typical power change, there is no place

for fuel nor cladding creep and the interaction is harder

than during a steady state operation where irradiation creep

may allow almost entire accommodation of the interaction by

fuel creep.

In the outer cold zone, no deformation of the fuel

is allowed. The interaction with the cladding is accommodated

as far as possible by the deformation of the hot inner part

(with an eventual reduction of the central hole) but with no

axial deformation. The remaining deformation is absorbed as

permanent deformation by the cladding.

V - TYPE CONSUMING PHENOMENA J\

We now describe the changes which are allowed for

during every step of the irradiation.

V.K- Fuel swelling

A constant rate in function of burn up is used and

applied to the volume locally occupied by the fuel. We donnot

use elaborate models involving fission gases as the major partof

the swelling seems to come from low density compounds of fuel

and fission products. These compounds and their distribution

are not well enough understood to allow any modelisation at

present time.

V.2.- Gas release

We use an empirical formulation which has been derived

from experimental measurements of gas release in function of

time, fuel temperature and burn up. We consider that the

released gas is uniformly distributed in the gas plenum and

is at isotopic equilibrium.

V.3.- Cladding creep

The deformation of the cladding under the fission gas

pressure is computed using the relevant experimental

laws l_ Z_J and the mean plenum gas pressure during the step.

V.4.- Cladding swelling

The deformation of the cladding due to swelling is

computed'using the relevant experimental laws.

V.5.- Fuel relocation (gap closure)

We use an empirical model which has been calibrated

on experimental results. It takes into account the burn up



and the maximum temperature which has been endured in the

fuel section. The relocation is obtained by a fuel volume

expansion constant along the radius. This fuel expansion and

the void so introduced in the fuel yields in case of mechani-

cal interaction with the cladding.

V.6.- Void and plutonium migration

Taking into account the local temperature, oxygen and

plutoniuo content, we calculate with the help of out of pile

thermodynemical data the vapor pressure of the plutonium and

uranium oxyde species along the radius. We also calculate a

diffusion coefficient in vapor phase based on gas kinetics.

We then obtain the material fluxes through the thermal

gradient. They are considered as mean fluxes through a homo-

geneous medium and it is necessary to introduce an empirical

limit to fuel density in order to take into account the

remaining porosity which actually cannot be dragged out from

the fuel.

This procedure allows by the way the calculation of the

demixion between uranium and plutonium through gas transport

which is the only way we retain as we have no definite

experimental evidence of plutonium migration through solid

phase.
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SUMMARY

The mixed oxide thermal behaviour at beginning of life is very important
because it can impose a limitation to the fuel pin peak power, and
therefore to the reactor thermal output.

The relevant physical processes leading to fuel restructuring are modelled
in COMETHE III-J in a kinetic way. This ensures that the temperature
and power history are properly taken into account.

These models are described and their impact on the calculated power to
melt early in life is analysed.

1. INTRODUCTION

High linear ratings are an essential requirement for designing a
performant FBR fuel. In order to improve core thermal output and
to reduce the fuel cycle cost, fuel pin linear power has to be increased
near the corresponding technological limit which is the well known
non melting design criterion.

Satisfying this criterion, i . e . holding the fuel peak temperature under
melting point, must be maintained throughout the fuel pin life, but is
difficult at s tart of irradiation : due to the fabrication clearance, a
high thermal resistance between fuel and cladding increases fuel
surface temperature and therefore the fuel overall temperature
conditions.

These high temperatures, together with fission, lead to important and
irreversible changes of the fuel pellet structure through such processes as
cracking, sintering, equiaxed and columnar grain growth, fission gas
bubble swelling, and so on.

Due mainly to fission gas bubble swelling, the fuel clad gap closes
progressively, improving thereby the heat transfer between pellet and
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