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PARTNERSHIP
AN APPLICATION OF THE TELEMAC SYSTEM TO DETAILED HYDRAULIC STUDIES OF THE A89
MOTORWAY AT THE CONFLUENCE OF THE ISLE AND DORDOGNE FLOOD PLAINS

The A89 motorway project, linking
Bordeaux with Clermont-Ferrand,
crosses the confluence plain of the Isle
and Dordogne rivers (France). This
plain is flooded at regular intervals as a
result of river floods aggravated by tidal
oscillations. In order to meet the
requirements of the French authorities
to minimise the hydraulic effect of the
motorway embankment, to allay the
fears of the local population, and also
to minimise the works construction
costs, Autoroutes du Sud de la France
(ASF) appointed a consortium
comprising Sogreah, Laboratoire
d'Hydraulique de France (LHF) and
Sogelerg-Sogreah Sud-Ouest, to carry
out the detailed hydraulic studies of
this section of the motorway.

Two complementary models: one numerical,

the other physical ...

Two different models were used to
obtain the answers to the problem

posed: a two-dimensional numerical
model covering the entire study area
and a physical scale model
representing the downstream part of
the Isle valley and the Dordogne
meander. Thanks to the
complementarity of the two modelling
tools, their mutual enhancement and
the comparison of their results at all
stages of the study, these facilities
provided an exceptionally high level of
definition, refined analysis and
reliability.

Accuracy and realism

The numerical model, constructed by
LHF using the TELEMAC-2D system,
consists of more than 60 000 elements.
It was operated in order to optimise the
motorway flood relief structures, and
then to calculate the impact of the
project in terms of rise in maximum
flood levels, increase in flow speeds,
submersion time of flooded land and

modification of flood routing
characteristics. Embankment breaching
scenarios were also studied.
This study provides an excellent
illustration of the benefits of the two-
dimensional approach in the hydraulic
assessment of river structures. In the
case of a motorway flood relief
structure, for example, the redirecting
of flows required by the structure, flow
convergence and subsequent
divergence - possibly accompanied by
recirculation behind the abutments -
the effects of local relief and bed
friction close to the structure, are just
some of the many factors that are
difficult to evaluate because of their
complex nature, but which are now
accessible thanks to two-dimensional
modelling techniques.

by Patrick Sauvaget (LHF)
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SOFTWARE NEWS FR9705995
THE N3S SYSTEM APPLIED TO ENVIRONMENTAL PROBLEM : THE SIMULATION OF FALUEL THERMAL PLUME

The discharges of nuclear power plants, especially in terms of heat, are restricted by a decree negotiated between the local
Administration and EDF. Each power plant has its own decree, which has a limited duration, typically 15 to 20 years. The
Paluel power plant, located on the shore of the English Channel, is one of the first units to be concerned by the expiry of its
decree. In order to help the constitution of the renewing file, EDF has commissioned LNH to estimate precisely the near field
of the thermal plume, as the absolute temperature at 25 m of the outlets is likely to be restricted once again by the new
decree. Thermal impacts of coastal power plants are usually studied with TELEMAC-3D at time and space scales of several
tides. This software has shown its capability to simulate the flow over large computational domains (more than 30 km long).
Nevertheless, it assumes some simplifications in the near field, which can limit the accuracy of the results close to the
outlets, especially assumption of quasi-hydrostatic pressure and coarse representation of outlets geometry. As N3S does not
exhibit these limitations, we decided to use it in order to compute precisely the flow near (and in) the outlets (the internal
part of the outlet was included in the mesh). The presence of the free surface, not accounted for in the basic version of N3S,
has been ignored and represented as a fixed plane surface with zero shear stress. This implies that free surface motions
remain small and limits computation cases to steady states (no tide). The results revealed that the flow pattern is quite
complex. The jet is splitted into two parts, due to the presence of a central obstacle inside the outlet. Moreover, some cold
water can enter the outlet as a whirl is formed, crossing the discharge section. Nevertheless, at 25 m of the outlets, the
maximal temperatures computed by N3S and TELEMAC-3D were found to be comparable, with relative heating falling to half
its value. Thus, N3S and TELEMAC-3D appear to be complementary tools : N3S enabling a precise description of the near
field and TELEMAC-3D being well suited for the thermal impact at the scale of the tide. A coupling could even be looked on.

by F. Marcos & F. Hofmann (EDF-LNH)
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SYRLIC: A LAGRANGIAN CODE TO HANDLE INDUSTRIAL PROBLEMS INVOLVING PAKUU-tS AND DROPLETS

Numerous industrial applications require to solve droplets or solid
particles trajectories and their effects on the flow, (fuel injection in
combustion engine, agricultural spraying, spray drying, spray
cooling, spray painting, particles separator, dispersion of pollutant,
etc.). SYRLIC is being developed to handle the dispersed phase
while the continuous phase is tackled by classical Eulerian codes
like N3S-EF, N3S-NATUR, ESTET. The trajectory of each droplet is
calculated on unstructured grids or structured grids according the
Eulerian code with which SYRLIC is coupled The forces applied to
each particle are recalculated along each path. The Lagrangian
approach treats the convection and the source terms exactly It is
particularly adapted to problems involving a wide range of particles
characteristics (diameter, mass, etc.). In the near future, wall
interaction, heat transfer, evaporation, more complex physics, etc.
will be included. Turbulent effects will be accounted for by a
Langevin equation. The illustration shows the trajectories followed
by water droplets (diameter from I mm to 4mm) in a cooling tower
The droplets are falling down due to gravity but are deflected
towards the centre of the tower because of a lateral wind. It is clear
that particles are affected differently according their diameter. The
Eulerian flow field used to compute the forces has been generated
by N3S-AERO, on an unstructured mesh.

By C. Peniguel (EDF-LNH) & I. Rupp (Simulog) Computation of droplets trajectories in a cooling tower



SOFTWARE NEWS

A GRAPHICAL USER INTERFACE FOR EDF CFD SOFTWARE : THE SAGE APPLICATION

SAGE, standing for "Systeme d'Aide a la Gestion des Etudes", is the common software interface developed by LNH for its CFD
codes. It has been implemented for N3S V3P2, ESTET V3P3 and TELEMAC2D V3P1 and further versions. It uses the
workstation desktop manager concept and has been developed around Hp-Vue, but it has also been adapted for CDE.

SAGE Objectives

A study generally includes several steps during which the user has to run scientific software and other various tools for the
pre-processing, the scientific computation and the post-processing stages. The output files of a step are generally used as
input for the next one. Most application software used in a processing study have an interface. SAGE guides users through the
management of the files and the schedule of the different stages of the study.

SAGE builds up a tree-like structure, which includes sub-directories for each study of the stage, in order to present it through
user-friendly interface. All files have a help button implemented leading to the right page in the electronic code user manual,
helping beginners in their study. ASCII files are stored using SCCS (Source Code Control System), in order to keep track of
every file version using the least space possible. The backup of the list of parameters used for a specific run allows to compare
different executions and to step back to a previous stage, without filling the disks.

SAGE stores all information concerning the different processes carried out and the input and output files, as well as the
release number, in order to identify used and changed files, and to write automatically a final report with the ICARE software.

Depending on the last action executed, SAGE proposes the list of possible further actions and indicates which files are
necessary to carry them out properly.

Once a study has been completed, it can be stored to free the disks, but it remains possible and easy to have access to it and
work within its frame again.

SAGE is able to manage different releases of a code and helps users to skip from an old one to a new one.

SAGE Management

Building up the SAGE study manager has requested the development of shell scripts implementing provided tasks. The
setting for a given code requires a data base creation containing, on the one hand, all the useful specific tasks, and on the
other hand, all the file types, with for each type, the associated task list. Moreover, a common data base gathers all the
management tasks. A shell-script converts these data bases into desktop manager readable files. The data bases will be
multilingual (for the moment, they are bilingual: in English and in French ).

Setting up the environment for a given code requires two weeks to one month, depending on the co-operation offered by the
development code team. SAGE sets up the complete software package necessary for running a code on the computer. During
the installation process, the various databases are scanned and desktops files are generated on the workstation (HP, SUN...).

Future prospects

The answer terminal screens will be substituted by Motif windows and shell-scripts will be replaced by C programs in order to
improve the user friendliness and the speed of execution. This will make the PC conversion easier.

Code coupling is more and more used and must be taken into account in SAGE. This will be done using CALCIUM, an EDF
implementation of PVM (Parallel Virtual Machine). This software package allows a heterogeneous network of serial
computers. CALCIUM is a tool which makes PVM easier to use for FORTRAN programmers.

by I. Leblanc(EDF-LNH)

SiHUSH IDEAS, ttttCRlt SfSafSEL TELEMKC20 < POST SUI«

The study sub-directories Computing TELEMAC2D



RESEARCH TOPICS
FITTING THE BOUNDARY DURING MESH ADAPTION

The need for adaptive meshing techniques is nowadays undeniable, especially for fluid
mechanics. Therefore EDF has developed its own refinement algorithm which is able to process
2D and 3D meshes composed of triangles and tetrahedrons. This software, named HOMARD©,
has been linked with N3S-EF and N3S-NATUR. Efficient a posteriori error indicators are now
available. Among other new developments, work is under way to enrich the adaptive meshing
package by fitting the mesh to the real geometry boundary during the refinement step. This
technique is operational in 2D. The initial mesh, a fine boundary mesh and a link between both
are simultaneously generated with S1MAIL©. Boundary fitting is achieved after the adaptation
process by projecting all new boundary points on the fine boundary mesh, controlling the
quality of the modified triangles, and modifying the mesh if needed

by O. Bonnin (EDF-LNH)
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SIMULATION OF UNSTEADY FLOWS BY USING REYNOLDS STRESS
TURBULENCE MODELS

The flow around a cube on the wall of a turbulent channel flow (Martinuzi & Tropea) was
selected for the 6th 1AHR/ERCOFTAC Workshop. Results from ESTET and N3S using k-epsilon
and Reynolds Stress Transport Models were submitted, and confirmed by those of other
participants (but only Helsinki U.T. also provided RSTM results), k-epsilon predicted no or too
small separation on the roof, whereas all three RSTM predicted well the near vicinity of the
cube, particularly the horseshoe vortex. However only the LES simulations (Karlsruhe,
Eriangen) predicted the short recirculation behind the cube which is due to pseudo vortex
shedding Though weaker, the latter was clearly present in the time dependent computations
with ESTET & N3S. It now frequently appears that the RSTM, when solved as time dependent,
has a better ability to reproduce large coherent structures, but further validation and tuning of
the model may be needed for such flows.

by D. Laurence & E. Deutsch (EDF-LNH)
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Compulation of the flow around a cube on the wall of a turbulent channel flow using the
ESTET code (RSTM model)
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