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Abstract 
 
MINERVE is an 3D interactive application representing the thermal-hydraulic phenomena 

happening in a nuclear plant. Therefore, the 3D geometric model of the French 900MW PWR 
installations has been built. The users can interact in real time with this model to see at each step of the 
simulation what happens in the pipes. The thermal-hydraulic simulation is made by CATHARE 2, 
which calculates at every time step data on about one thousand meshes (the whole primary circuit, a 
part of the second circuit, and the Residual Heat Removal System). The simulation covers incidental 
and accidental cases on these systems. 

 
There are two main innovations in MINERVE: 

In the domain of nuclear plant’s visualization, it is to introduce interactive 3D software 
mechanisms to visualize results of a physical simulation. 

In the domain of real-time 3D, it is to visualize fluids in a pipe, while they can have several 
configurations, like bubbles or single liquid phase.  

These mechanisms enable better comprehension and better visual representation of the possible 
phenomena. 

 
This paper describes the functionalities of MINERVE, and the difficulties to represent fluids with 

several characteristics like speed, configuration, ..., in 3D. 
On the end, we talk about the future of MINERVE, and more widely of the possible futures of 

such application in scientific visualization.  
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INTRODUCTION 
 
MINERVE (Module Illustrant la Nature des Ecoulements en Réalité Virtuelle) is a Virtual Reality 

Module that illustrates the flow’s nature in the primary system of a nuclear plant. 
This software is dedicated to operators for their training: it permits to simulate and visualize at 

one time all the problems can happen in the primary and secondary systems of a nuclear plant (pipes’ 
breaks, core’s bypass, …), by incidents or accidents. The main goal is to make them understand 
complex physical phenomena, but the software can also be used by studies’ engineers as everything 
calculated by the simulation code can be seen, and no extrapolation is done. 

 
 

DESCRIPTION OF MINERVE 
 
The thermal-hydraulic simulation is made by a calculation code called CATHARE 2 that 

simulates the primary system’s comportment by incidents or accidents. The systems are divided into 
about one thousand meshes, and the total number of calculated variables is about 30 000 per time step.  

 
The results can usually be seen with a 2D-software SIPA as shown in the SCAR project paper. 

 

 
Screenshot of the mesh with the 2D-software SIPA 

 
 
MINERVE gives access to all the primary system of a 900MW PWR nuclear plant and to parts of 

the secondary system (it goes to the steam header). The Residual Heat Removal System is included. 
These circuits contain thermal-hydraulic data on the fluid, thermic data on walls, data on pumps, 
valves, and obviously data on fuel. 

All data are refreshed as the simulation is running, and users can simultaneously navigate into the 
3D scene: free navigation or access to preselected viewpoints. 
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Several visualization modes are available: 
• Visualization of the code’s mesh: real-time access to all calculated variables 
 

 
MINERVE: Screenshot of the mesh, reactor vessel 

• Colour mode: for the most significant variables (liquid temperature, void fraction, boron’s 
concentration, …), a visualization mode colours all the meshes according to that variable 

 

 
Screenshot of the Liquid Temperature Mode 
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• Visualization of the flow. The flow is represented in 3D and follows all the characteristics 
calculated by the code (type of flow, speed of each phase, void fraction, …). 

 
 
The idea of MINERVE is to use 3D real-time games software’s technology to visualize that 

results, which means to combine high interactivity level and real geometry’s visualisation for a better 
comprehension of the system’s state. A main advantage of these technologies is to use low cost 
hardware: a PC sold in the shops with a 3D general public video board are fine. These technologies are 
new to the nuclear world. 

 
 

STRUCTURE OF MINERVE 
 
At this time, the scientific code calculates all the simulation and write everything in a database 

through a specific format. The visualization connects itself to the database server and requests data 
when necessary: 

• At every new time step 
• Otherwise, on demand of the user: new visualization mode, change of viewpoint,… 

This permits us to avoid transferring and reading all data at each time step: the module is just being 
looking for data it needs for the visualization. It means also that the module does not see all data, i.e. 
that it can not save the history of the data (in order to plot a variable for example): all saves must be 
done by the database server. 
 

The visualization is made on client side via a free plugin of Internet Explorer; the only need is a 
3D video board. 

 
The visualization software is composed of two major components:  

• The 3D model, which comes partly from pre-existing 3D CAD data and is partly produced 
from drawings. So it is a realistic model regarding to the real installations. 

• The interactions with the 3D model. They have been built through a software dedicated to 
game engineering.  
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MINERVE diagram 

 
 



 5

3D FLOW OF THE FLUIDS 
 
The major novelty of MINERVE is to see in real-time and in 3D the fluid states and its flow. 

Representing a moving fluid as a real 3D fluid flowing in real-time is not yet possible. The only thing 
we actually can do is simulate the surface of a large fluid (a pool, the ocean, …), which is not done by 
a 3D fluid but by a 2D moving surface. As the goal for the project is to see in real-time 3D the 
circulation of the fluid into the plant’s pipes with its main characteristics, we must use tricks to be 
visually credible. 

 
For CATHARE 2, the fluid can either be in a pipe or in a volume. In a pipe, there are several 

configurations for the fluid circulation, from a single liquid phase to a single vapour phase, including 
bubbles, plugs, annular or stratified modes. Each configuration itself depends on void fraction; 
examples of such dependence are the level of liquid fluid in the pipe by stratified mode, or the density 
of bubbles. The representation of the fluid must also show the direction of each phase of the fluid, and 
its speed. All these features are given for each calculation mesh at each time step, and must be clearly 
understood by the users. 

 
As we needed a high level of control on the fluid’s comportment, we constructed our own fluid 

system. It is composed of 3D particles which represent segments of the fluid. Each particle follows a 
curve going from the beginning of a mesh to its end, and carries out an image of what it is (liquid, 
liquid with bubbles, …). As the fluid parameters does not vary in a mesh, the particle has every 
properties of this mesh: speed, fluid configuration,…. 

In order to properly represent stratified configurations, we doubled each curve followed by the 
particles: one high curve is followed by the vapour, and the lower one is followed by the liquid part of 
the fluid. Each particle is then scaled to make the level of water vary.  

 

 
Example of stratified and bubble configurations 

 
For volumes, the simulation code considers there isn’t any flow. The fluid is always stratified, 

with a level from zero (vapour only) to full (liquid only). Depending on the void fraction in the liquid 
part of the fluid, bubbles exist or not in the liquid and their density varies. In the same way, the void 
fraction in the vapour part of the fluid determines the existence and the density of droplets. Bubbles 
and droplets have a certain speed that does not vary. To follow these characteristics, we didn’t need to 
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use the same particles system as in the pipes, which costs in terms of hardware resources. The fluid in 
the volume are simply represented by movies or similar correctly mapped on the volume object, to 
have the correct level of liquid. 

 
 

PROJECT MANAGEMENT 
 
Several specialists are working together on this project: computer scientists, ergonomists, trainers, 

3D computer graphics artists and physicians. In order to guarantee a really useful and used software, 
the ergonomists did first an activity’s analysis to determine the pedagogical needs. Then the following 
work has been done on each step of the project: 

• Specifications: In parallel  
o The ergonomists determine the needs and write functional and Human Computers 

Interface specifications 
o The computer scientists determine the technical possible solutions 
o Representative persons of trainers and physicians ratify the decisions 

• Development, with a follow up of computer development by the ergonomists. 
• User’s evaluation of the developed parts. 
• Modifications of the software according to the results of the evaluation. 
This organization works to make a really useful software for future users, and to avoid adding 

computer difficulties to their work: understanding what happens. 
 
 

FUTURE OF MINERVE 
 
MINERVE is not yet finished, and several additions are planned to finalize this prototype: 
• Model the fuel and get access to all its variables 
• Model the CATHARE walls and get access to it, which represent thermal exchanges 
• Add to MINERVE a curve module. 
• Get access to all elements: some are still missing, like valves, pumps, branch connections at 

the system’s geometrical limits, etc… 
Next to these, a final user’s evaluation will be done. 
 
MINERVE is dedicated to visualize the simulations on the 900MW PWR french nuclear plants. 

MINERVE could be extended to the other types of nuclear plants, as 1300MW PWR and N4 PWR.  
 
 

CONCLUSION 
 
MINERVE is at EDF the first application of Virtual Reality in the domain of scientific 

visualization, in the case of thermal-hydraulic simulation. MINERVE can be either used by nuclear 
plant’s operators for their training or by engineers for studies on system’s specific problems. For 
engineers, it is very important that the visualization can access every type of nuclear plant, and any 
mesh on each type. This means it would be very interesting to work on automatic integration into the 
visualization module of the mesh, written in a descriptive format.  

This further step would open to MINERVE or MINERVE-like softwares the domain of pre-
calculation. 


	Sommaire: 


