Reactor Numerical Analysis and Design
2010년 1학기

Midterm Examination
Apr. 22, 2010
1. 
Consider a two-dimensional multi-group neutron diffusion problem which is a boundary value problem resulting in the fundamental eigenvalue:
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The problem domain and the boundary conditions are specified as:
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It is assumed that the material property is constant within each mesh whereas it can be different from mesh to mesh. You are required solve this problem using the finite difference method. The node width is taken uniform in each direction and it is denoted as 
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 for each direction. It is assumed that upscattering is present in Groups 
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. Answer the following: (36)
a. Define your solution vector with appropriate reasoning. Provide a clear definition of the solution variable by providing a suitable mathematical expression for it. (5)
b. Derive the discretized balance equation for an internal mesh Mesh l and Group g. (5)
c. Give the nodal balance equation for the Mesh 1 which faces two boundaries. Note the boundary conditions given differently there. (5)
d. Give a schematic structure of the coefficient matrices when the discretized balance equation is denoted by a matrix form of 
[image: image6.wmf]1

MF

k

ff

=

. (4)
e. Give the practical algorithm to solve this eigenvalue problem by incorporating the power method. Suppose for now the linear system for a 2-D problem can be solved by the direct method. (7)
f. Derive the most efficient method to estimate the dominance ratio of this problem. (5)
g. Discuss about the relationship between the dominance ratio of the problem and convergence rate. Then give the conditions for which high dominance ratios can be resulted. (5)
2. 
For high dominance ratio problems, acceleration of the power iteration is an essential one. Answer the following questions regarding the two major acceleration methods. (29)
a. Derive the expression for
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for the Wielandt iteration scheme given by
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Then discuss the limitation of the Wielandt shift method for multigroup problems. (5)
b. For two term Chebyshev acceleration given by
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determine the expressions for the two extrapolation parameters based on the assumption that the dominance ratio is known. (6)
c. Explain why the polynomial of eigenvalues resulting from the above extrapolation should be the normalized Chebyshev polynomial to achieve the fastest convergence. (8)
d. Give the algorithm to determine progressively the dominance ratio in the Chebyshev acceleration. (10)
3. 
An iterative linear system solver is necessary to solve a large sparse linear system encountered in the solution of multidimensional neutron diffusion equation. Answer the following questions regarding classical iterative methods. (35)
a. Show that the Jacobi iteration is guaranteed to converge for the system of discretized neutron diffusion equations. (8)
b. Derive the iteration matrix for the SOR method then. Then show that the solution of the matrix equation is equivalent to obtain the SOR estimate as the extrapolated solution of the Gauss-Seidel estimate. (9)
c. Construct the most practical algorithm to apply the SOR in the solution of the two dimensional neutron diffusion equation. Consider a linewise solution scheme and the estimation of the proper spectral radius. No need for deriving the optimum overrelaxation factor. (9)
d. Discuss about the weakness of the SOR method. Then give the most practical algorithm to apply the Cyclic Chebyshev Semi Iterative Method to the 2-D problem. Consider the node numbering scheme as well. (9)
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