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RESUME : 
~^~~^~~ The new modular system has been developed using soft

ware tools ALUS, which give effectiveness and flexibility. 

ALOS provides : 
a user-oriented language which allows the joining of 
mudules, 
a data set storage function, 
a programming language (ESOPE) which allows an easier 
programming due to structuration capabilities and data 
managment. 
Second step is the application of new algorithms to 

improve (i.e. to speed) the resolution of diffusion equa
tion. We will briefly describe the state of art for the 
realisation of the new code system. 
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I - IHTRODUCTION 

For almost fifteen years the CORA-1 code system has been success
fully applied to the fast reactor core design at CEA, like in the case 
of PHENIX and SUPERPHENIX reactors. Meanwhile many progress have been 
performed in the computer software field as well in methods to be 
applied for the resolution of diffusion equation. Therefore it was 
considered to be necessary to update and rewrite a code system taking 
advantage from the recent developments. At the same time this was a good 
occasion to improve the system to satisfy the design people require
ments. 

In fact during these years many deficiencies of the present code 
system, in particular for the result exploitation, have been indicated 
by the actual design of a fast reactor. 

The new code system is realised following two steps. 

The new modular system has been developed using software tools 
ALOS, which give effectiveness and flexibility. 

ALOS provides : 

- a user-oriented language which allows the joining of modules, 
- a data set storage function, 
- a programming language (ESOPE) which allows an easier programming 

due to structuration capabilities and data management. 

Second step is the application of new algorithms to improve (i.e. to 
speed) the resolution of diffusion* equation. We will briefly describe 
the state of art for the realisation of the new code system. 

II - 2D GEOMETRIES 

Regarding 2D geometries the main interest of design people is 
focused on hexagonal and R,Z geometry. In fact HEXAGONE, the module 
performing the 2D hexagonal geometry calculation, was the first to be 



written. This module is now being routinely and extinsevely used for 
more than a year. Inner iterations are performed alternating even and 
uneven lines. Outer iterations are accelerated by the mean of the two 
parameters Tchebytcheff polynomial method. Typical gains that we have 
obtained are a factor ~ 3 on C.P.U. time and a factor ~ 5 on cost units 
which takes also into account the input/output operations. These gains 
are mainly due to the utilisation of ESOPE since no particular new 
algorithms have been used respect to the old module. The R,Z module, 
which uses alternating direction method for inner iteration, is also 
operational. A gain of a factor of ~2.5 was obtained either on C.P.U. 
time and cost units. In parallel the environment around these modules 
was modified to match the wishes of the design people. Therefore burn-up 
option and an easy and complete exploitation of results are already 
available. 

As pointed out before, this is the first step for both modules. 
Step two will cope with methods to improve the resolution of the 
diffusion equation. Use of optimal overalaxation, asymptotic 
extrapolation and coarse mesh rebalancing will be tested. 

Ill - 3D GEOMETRY 

Two main modules are concerned for 3D hexagonal geometry design 
calculation. One using synthesis method, the other one using finite 
difference method. The strategy in using the synthesis method is des
cribed in ref.l. The method is a single channel synthesis with a weigh
ted residual procedure using the Calerkin's algorithm as indicated by 
Kaplan HI. 

Rewriting the synthesis module SYNH3D using ESOPE has lead to a 
gain of factor 4 in C.P.U time and 8 in cost units. 

The flux obtained by the SYNH3D module are in most cases used as 
guess fluxes for the complete 3D finite difference calculation. The 
realisation of the module which will perform this calculation is under 
completion and a gain of the type already obtained for the SYNH3D module 
is expected. 
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The plane relaxation method has been adopted in doing inner iteration. 
Standard Tchebytcheff acceleration is applied in outer iterations. 

IV - INHOMOCENEOUS PROBLEMS 

Inhomogeneous problems (i.e. with external source) have to be 
treated for subcritical configuration analysis, vith various type of 
source present in the core, or for the generalized importance calcula 
tion ; in this latter case the source is partly positive and partly 
negative. 

Of course the modules which resolves the eigenvalues problems have 
been used as base to develop the inhomogeneous calculations. Several 
algorithms have been tested to cope with the difficult convergence for 
near critical problems. Advantage is taken also when the correspondent 
homogeneous solution is known. Selective convergence tests are applied 
in points where a change of signe occurs to avoid the oscillatory 
behaviour for solution partially positive and negative. The fundamental 
mode elimination is applied for generalised importance calculation to 
eliminate this kind of contamination. The avalability of this algorithm 
open also the possibility for the harmonics calculation. 

In the very near future both the 2D and 3D hexagonal geometry 
modules will be operational. 

V - FINITE ELEMENTS CALCULATION 

All the modules precedently described are based on finite differen
ce discretisation of the diffusion equation. In parallel the applica
tion of finite element technique has been explored, in particular for 
hexagonal geometry. An extensive study /3/ has shown that no definite 
advantage (i.e. in calculation time, or accuracy gain) exists for 2D 
hexagonal geometry in adopting the finite element method. It is thought 
however that some interesting possibilities remain for 3D hexagonal 
geometry. In this ease, the reduction of planes in the Z-direction could 
give a consistent gain in calculation time possibly without loss of 
accuracy, when the finite element method is used. 



Furthermore we think to exploit the adaptability of this method for 
describing local complicate geometries or local mesh size effects. This 
is the case for instance in the description of the heterogeneity of 
control rod subassemblies. 

The 2D module with both linear and parabolic polynomial option is 
already operational. 

The 3D module, which will have also linear and parabolic polynomial 
option along the Z axis, will soon be available. 


