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Analysis of Self-Sustained Nuclear Fission Wave Evolution in
a Fast Critical Reactor

M. Hesami and M. N. Nasr abadi

Department of Nuclear Engineering, Faculty of Advanced Sciences & Technologies,
University of Isfahan, Isfahan, Iran

Abstract: Present paper deals with the phenomenon known as self-sustained nuclear fission wave that is set up with
establishment of the U-Pu cyclein afast nuclear reactor. The safety arised from self-sustained state of the wave and also 50%the
possibility of initiation and evolution of the wave, the system comprised of neutron diffusion equation coupled with burn-up and
kinetic equationshave been considered. The linearization method used to solvethis system not only separatesdiffusion subsystem
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from reaction one but also simplifies greately dealing with several real hundred days of simulation. Space and timediscretizations
of the linearized diffusion subsystem were performed by 3D finite element and crank-nicolson methods, respectively. The
convergence of equation was carried out using the iterations based on the optimized BiCGStab(L) method. Rung-Kutta (5)
method was used to solve the first order differential equations of the reaction subsystem since the concentrations of elementsin
thereaction subsystem changed slowly. Using the element by element FEM and BiCGStab(L ) used for solving the system dropped
the required memory down to 1/10. Considering the long period of the simulation, 3D case of the problem and heavy
computations, the OpenMp method was used to parallelize the code written in FORTRAN 95.

Keywords: Nuclear reactor, self-sustained nuclear fission wave, neutronic system, linearization, BiCGStab(L), 3D element by

element FEM, OpenMp.
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1. CANDLE 15. dauther isotope 29. full explicit method

2. traveling wave reactor 16. diffusion-reaction 30. full implicit method

3. solitary wave reactor 17. perturbation 31. Cranck-Nicolson

4. completely automated reactors 18. space discretization 32. telorance

5. breed and transmutation 19. finite e ement method 33. stopping criteria

6. burn-up 20. green’sfunctions 34. Krylov subspace

7. Fienberg 21. direction cosine 35. shared memory

8. Driscol 22. free boundary condition 36. distributed memory

9. Feoktistov 23. sobolev space 37. diagona preconditioner
10. Sekimoto 24, wheighted residual method 38. hybrid

11. Fomin 25. galerkin method 39. thread

12. Van Dam 26. node 40. accelerator driven system
13. kinetics 27. penaty method

14. muiltiplication factor 28. theta method
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