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Abstract: - The one group two dimensional neutron diffusion equations has been solved by the Boundary element method. A program have been developed to solve neutron diffusion equation. Gauss quadrature method have been used for obtaining the coefficients of the fluxes and currents in this program. The test problem has one region and free source. The code has been written c code. It has been obtained boundary fluxes and currents. The Boundary element and Finite element methods are well suited for solving irregular geometrical problems, the Finite difference method is not suited. The BEM solves problems with infinite domains. Some simple test calculations are made.     
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1
Introduction

The neutron diffusion equation can be solved by many techniques. Most of them are based on the finite difference method (FDM), which is usually applied to regions have regular geometrical configuration. On the other hand, finite element method (FEM) can be used to simulate any complex geometrical configuration [1-2]. Most reactor-physics problems can be described by regular or orthogonal geometries, and thus finite difference methods are usually most suitable for the discretization of space. Finite difference discretization results in matrices which are easy to handle and which behave well with various iterative solvers [3].     

The Boundary element method (BEM), that is applicable to irregular geometrical problems, has been studied some engineering fields other than reactor analysis. Since the original differential equation is transformed into an equivalent boundary integral equation (BIE) prior to the BEM discretization, the BEM results in linear systems which involve unknowns only at the boundary. Consequently, matrix dimensions are greatly reduced, compared to alternative methods [5].      

2
Problem Formulation

One group, two dimensional neutron diffusion equation is in the form of 
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For a homogeneous region of volume V and surface  S 
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where k is the inverse of the diffusion length. The fundamental solution of the neutron diffusion equation is defined as the solution of:
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For two-dimensional systems
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Multiplying (1) with the fundamental solution, integrating over V and applying Green’s second identity,
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is obtained [6], where,
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assuming
[image: image9.wmf] is not a corner point on the boundary [5].

2.1
Constant Boundary Elements 

The boundary on a single-region is divided into n line parts, i.e. “boundary elements”. In this case, the flux and curre0nt are assumed to be constant for each boundary element 
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, respectively. Under this assumption, can be discretized as
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Equation (8) simplified as 
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using the following notations:

2.1.1
Source Term  

The domain integral  
[image: image16.wmf]i
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 related to the inhomogeneous source term requires a domain to be divided into sub regions for numerical integration. The domain integral can be transformed to an equivalent boundary integral.
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using the relationship of the fundamental solution
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where 
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 can be taken outside the domain integral, and so using Gauss’s theorem
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we finally obtain the boundary integral expression
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here the parameter 
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 has been defined before [6].

3
Problem Solution.  

In this study, a c program code has been developed for solving neutron diffusion equation with constant boundary element method. For this purpose, boundary integral has been solved by Gauss Quadrature method, then linear system solved by Gauss elimination. Moreover, program code will be developed foe other boundary element types and configuration. 

In the first problem, the homogeneous square domain with a dimension of 25 cm on a side is chosen. Moreover, fifteen boundary element  has been chosen per side. Neumann boundary condition has been taken for all boundaries. Source, diffusion constant and cross section has been taken 1, and flux has been obtained 1.

In the second problem, source 1, diffusion constant 0,9, cross section 0,07. The approximate solution is obtained ~12,7. In further studies, the aim is to obtain FEM-BEM combination.       

4
Conclusion

   It is generally, the good accuracy of the BEM is guaranteed, if flux and current values on a boundary is suitable modelled. For a uniform source region, the domain integral which is related to the source term can be replaced by the boundary integral.

   BEM can be used irregular geometrical problems as well as the FEM. In BEM, the problem dimension is reduced by one and it requires less variables. The final matrices in BEM is smaller than FEM. The disadvantage of the BEM is, its matrices,  usually filled with non-zero matrix elements.
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