Nuclear Reactor Modeling and Analysis

Argonne scientists are exploring two major thrusts in nuclear energy research: rigorous modeling of a specific component of the numerical reactor and more exploratory development of next-generation software for simulating the virtual reactor.

Numerical Reactor

The Numerical Reactor is a high-fidelity reactor core model that integrates highly refined solution modules for coupled neutronic, thermal-hydraulic, and thermo-mechanical phenomena. Each module uses methods and models that faithfully reflect the first-principles governing the physics, real geometry, and material constituents of the system.

· The neutronics module, DeCART, is an efficient 3-D heterogeneous core calculation code that performs whole-core neutronics simulations without geometrical homogenization or coarse energy group condensation. 

· STAR-CD is a commercial code for modeling the thermal and thermal-hydraulic response of the fuel and coolant. The code has been used successfully to treat tens to hundreds of millions of computational cells in a pin-by-pin analysis of a nuclear reactor core. 

Coupled DeCART neutronics and STAR-CD CFD calculations are being performed on Argonne’s Linux cluster Jazz. To date, applications have been run involving several million neutronic zones and tens to hundreds of millions of CFD cells. 

The initial pressurized water reactor version of the Numerical Reactor is now being extended to treat boiling water reactors. New models and methods are being included to treat the geometry and to predict the neutronic and thermal-hydraulic behavior in the two-phase boiling flow.
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Note: I have supplied three figures. I do not have better-quality images (and I am not sure how easy it would be to get them, but let me know which you need).

Use the flow chart, Fig. 1.

Perhaps choose one of the other two.

Yet I realize these figures may be too many (given that we have others for the Virtual Reactor part of the poster). 

If you wish, you could do a concatenation of Figs. 2 and 3, with the two figures on the right from Fig. 2 (the two with the color scales), and the two figures on the bottom of Fig. 3.

If you put them together as one, it could read

Fig. 2: highly accurate models of nuclear reactors on a pin-by-pin basis for all pins in the reactor can now be performed by using high-fidelity physical models and advanced parallel computing systems

OR you could use the two figures on the right from Fig. 2 (the two with the color scales), and the two figures on the bottom of Fig. 3, but as two separate figures.

If you do choose to take these pieces and make two images, 

the caption for Fig. 2 could read

Pin-by-pin approach with intra-pin-level thermal feedback

(3x3 pin bundle model)  

And the caption for Fig. 3 could read

Integrated whole-core simulations.

OR YOU COULD USE ONLY THE FLOW CHART.
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Caption:  Fig. 1

The Numerical Nuclear Reactor is an advanced software package for design and analysis of current and future light water and other advanced reactors.
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Caption:  Fig. 2

High-fidelity thermal-hydraulic and reactor physics models can provide accurate assessments of thermal, thermal-hydraulic and neutronic conditions. Such detailed models can be used to understand issues affecting light water reactor operations and safety and the design of advanced nuclear energy systems. 
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Caption:  Fig. 3

Extremely accurate models of nuclear reactors on a pin-by-pin basis for all pins in the reactor can now be performed using high-fidelity physical models and advanced parallel computing systems. 

Virtual Reactor

Argonne researchers have recently initiated an exciting long-term project in reactor modeling. This ambitious project seeks to develop modeling and simulation methodologies, advanced numerics, and integrated design tools that can be used to “construct” and model a virtual nuclear research reactor. 

The project builds on the recent successes of the Numerical Reactor, extending its capabilities beyond the steady-state neutronics and fluid dynamics to encompass entire nuclear energy systems, including the fuel cycle. Among the initial tasks will be to 

· define a hierarchy of loosely coupled components and the rules by which they interact,

· implement high-fidelity phenomenological models, 

· formulate robust numerical techniques for coupled multiphysics models, 

· introduce thermo-mechanical response and fuel/material behavior using molecular dynamics and mesoscale models, and 

· develop a mathematical and computational basis for the optimization of coupled interactive solution schemes.

The advantage of such a virtual reactor is that researchers will be able to quickly 

· evaluate new algorithms, 

· compare new physical models of varying degrees of fidelity and cost, 

· tighten design parameters, and 

· shorten the development process. 

Moreover, the integrated approach will allow researchers to address more global issues such as the sustainability, economics, and environmental impact of nuclear energy systems as a whole.
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Caption: Through advances in modeling and computing, Argonne researchers seek to make a breakthrough in the way nuclear systems are conceived, designed, and operated.\
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Caption: The rapid expansion of nuclear energy technology required to satisfy the needs of the future will necessitate technology leaps that will be possible only through a coupling of basic science, fundamental research, and advanced numerics.




















































Pin-by-pin configuration of the small core model		       CFD model for the small core problem








Pin power (left) and average fuel temperature (right) for the core mid-plane and the plane with the highest power. 
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[image: image5.png]Coupled DeCART/STAR-CD Pin Power Distribution, Plane:5




