Reactor Numerical Analysis and Design
2010년 1학기

HW#4: 2-D, 2-G Eigvenvalue Problem 

with Iterative Solution








Due May 6, 2010
The problem domain for this problem set is a 2-D rectangular region which consists of 
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 material regions shown schematically below:
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Each material region has its own composition for which a cross section set is assigned. The x- and y-directional material region size of the m-th region located at coordinate (i,j) are 
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, respectively. The material region width and height will be subdivided into 
[image: image5.wmf]i

x

n

 and 
[image: image6.wmf]j

y

n

 intervals so that there are 
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 meshes in the u-direction and the u-directional mesh size at the i-th u-material region becomes 
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The input deck to specify the problem consist of the following
	Line Number
	Entries

	1
	Mx, My, Ncomp

	next
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, i=1.. Mx

	next
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, j=1.. My

	next My lines
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Array of composition numbers

e.g.

    3  4  2  1

    4  3  4  1

    2  4  1  1

    1  1  1  1

	next
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	next
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	next
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, j=1.. My

	next
	
[image: image18.wmf]k

e

, 
[image: image19.wmf]y

e



	next
	Ncheby, Ncheby0, Nout, Ninmax, epsin


The cross section data for Ncomp compositions will be given in a separate file in the same format as the one of the previous homework.
Part 1. Linear System Setup
1. Modify the input processing routine you wrote for HW#3 such that the 2-D geometry data specified in the above format can be properly read. Determine the node numbers and sizes, etc. which will be needed to set up the linear system of nodal balance equations. Apply the natural ordering scheme. You will need a mapping scheme to relate the mesh and the region numbers. 
2. Determine the coefficients of the nodal balance equation for each group which represents the one-group balance equation having all the sources terms on the RHS. Use only four entries for the off-diagonal entries for each node and each group which dictate coupling with the neighboring nodes. Employ the proper boundary condition at the boundary nodes. Print the linear system coefficients for the given test problem.
Part 2. Point and Line SOR, and Spectral Radius

1. Write a routine that performs pointwise SOR iteration to solve each one-group problem. Suppose that the source is known and the coefficient matrix has one diagonal entry and 4 off-diagonal entries. Test this routine for the first group with uniform source density of 1 n/sec/cm3 with 
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, respectively. Determine the number of iteration to reach the residual reduction of 0.001 for the each cases to compare the two iteration numbers. 
2. Write a routine that performs Line SOR iteration to solve for each one-group problem. Take each row of nodes as a line. Use the LU factorization and substitution routines you wrote for HW#2 to solve each line problem. Suppose that the north and south coupling terms are moved to the RHS and thus the source term is known and the coefficient matrix of each block has one diagonal entry and 2 off-diagonal entries, namely, west and east coupling. Perform the same test and 2.1 and compare with the point SOR results.
3. Write a routine to perform the power iteration to determine the spectral radius of the point Gauss-Seidel iteration matrix for each group and consequently the optimum over relaxation factor (() for each group. Use the criteria to terminate to power iteration discussed in the class. Then determine the number of iteration needed for each to achieve the inner iteration error reduction given in the input.  
4. Do the same estimation of number of iterations for Line SOR and compare the number of iterations of the point and Line SORs. Discuss the reasons for the reduced number of iterations for LSOR. Then determine FLOP (floating point operation) per iteration for both schemes and then compare the total amount of FLOPs required to achieve the same error reduction for the two schemes.
Part 3. Inner and Outer Iterations
1. Implement the fission source iteration using the Chebyshev acceleration routine you wrote for the previous HW set. In order to solve each group problem by an iterative method, you now need another level of iteration which is called inner iteration while the fission source iteration which is to update the eigenvalue and the fission source is called outer iteration. Implement the Line SOR linear system solvers within the outer iteration loop. Use the estimated number of iterations determined in Part 2 as the fixed number of inner iterations for each group.
2. Solve the given problem to determine the k-effective and the flux distribution. Start from uniform flux distribution. After convergence, plot the flux distributions for each group using a 3-D plot package. Plot the fission source distribution as well. If you are motivated, monitor the evolution of the shape of the fluxes during the initial stage of outer iteration by plotting the shapes at different outer iteration steps.
3. Examine various inner iteration error reduction factors (e.g. double and halve and also 10 and 0.1 times) to see how the number of outer iterations varies. Discuss the optimum inner reduction factor in the aspect of the total amount of FLOPs considering both inner and outer iterations.
Part 4. Node Size Effect

1. Write an edit routine that obtains the assembly-wise flux and fission source distributions. You need to sum up the nodal volume weighted fluxes for each assembly (same composition region) and then divide by the node volume. Output the map of the assembly groupwise fluxes and the fission source.
2. Examine the effect of the node size on the accuracy of eigenvalue and the assembly-wise fission source distribution, e. g. by halving and doubling starting from 16x16 nodes per assembly. Try to examine the true solution from the three solutions. Examine the effect on the number of inner and outer iterations as well. Try finer and coarser discretizations as much as you can.
3. Discuss all the important points you have learned in this homework.
hw3.inp
3 3 11  !mx,my,ncomp

 21.42 21.42 21.42  !hx

 21.42 21.42 21.42  !hy

 8 9 3       

 9 8 3

 3 3 3

 0.0 1.e30  0.0 1.e30  !albxl, albxr, albyl, albyr

 17 17 17              !nmeshx

 17 17 17              !nmeshy

 1.e-6 1.e-5           !epsk, epspsi

 20 3 500 50 0.01      !ncheby, ncheby0, ninmax, epsin
L336 Cross Section

2 11

    1

  1 1.200000E+00 2.600000E-02 0.000000E+00 1.000000E+00

  2 4.000000E-01 2.000000E-02 0.000000E+00 0.000000E+00

  1 0.000000E+00             

  2 2.500000E-02 0.000000E+00

    2

  1 1.200000E+00 2.600000E-02 1.000000E-07 1.000000E+00

  2 4.000000E-01 2.000000E-02 3.000000E-06 0.000000E+00

  1 0.000000E+00             

  2 2.500000E-02 0.000000E+00

    3

  1 1.200000E+00 5.100000E-02 0.000000E+00 1.000000E+00

  2 2.000000E-01 4.000000E-02 0.000000E+00 0.000000E+00

  1 0.000000E+00             

  2 5.000000E-02 0.000000E+00

    4

  1 1.200000E+00 3.000000E-02 5.000000E-03 1.000000E+00

  2 4.000000E-01 1.000000E-01 1.250000E-01 0.000000E+00

  1 0.000000E+00             

  2 2.000000E-02 0.000000E+00

    5

  1 1.200000E+00 3.000000E-02 7.500000E-03 1.000000E+00

  2 4.000000E-01 2.000000E-01 3.000000E-01 0.000000E+00

  1 0.000000E+00             

  2 1.500000E-02 0.000000E+00

    6

  1 1.200000E+00 3.000000E-02 7.500000E-03 1.000000E+00

  2 4.000000E-01 2.500000E-01 3.750000E-01 0.000000E+00

  1 0.000000E+00             

  2 1.500000E-02 0.000000E+00

    7

  1 1.200000E+00 3.000000E-02 7.500000E-03 1.000000E+00

  2 4.000000E-01 3.000000E-01 4.500000E-01 0.000000E+00

  1 0.000000E+00             

  2 1.500000E-02 0.000000E+00

    8

  1 1.200000E+00 2.965599E-02 4.569983E-03 1.000000E+00

  2 4.000000E-01 9.265912E-02 1.135299E-01 0.000000E+00

  1 0.000000E+00             

  2 2.043002E-02 0.000000E+00

    9

  1 1.200000E+00 2.965462E-02 6.852401E-03 1.000000E+00

  2 4.000000E-01 2.316396E-01 3.445001E-01 0.000000E+00

  1 0.000000E+00             

  2 1.586347E-02 0.000000E+00

   10

  1 1.200000E+00 5.000000E-02 0.000000E+00 1.000000E+00

  2 4.000000E-01 8.000000E-01 0.000000E+00 0.000000E+00

  1 0.000000E+00             

  2 1.000000E-02 0.000000E+00

   11

  1 1.200000E+00 3.160143E-02 4.579785E-03 1.000000E+00

  2 4.000000E-01 1.385318E-01 1.175413E-01 0.000000E+00

  1 0.000000E+00             

  2 1.920921E-02 0.000000E+00
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My y-material regions





Mx x-material regions
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