Reactor Numerical Analysis and Design
2010년 1학기

HW#3: Multigroup 1-D Eigvenvalue Problem 

with Chebyshev Acceleration








Due Apr. 6, 2010
The multigroup one-dimensional neutron diffusion eigenvalue problem is given by 
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with G being the number of groups and K being the number of nodes. The eigenvalue problem can be solved by the fission source iteration scheme which implements the ordinary power iteration method. Examining the fission source iteration and its acceleration by the Chebyshev method is the objective of this problem set.
Part 1. Input Processing and Composition k( Determination
1. Modify the input processing routine you wrote for HW#1 such that the group wise cross section data are read from a separate file. Now you will have two input files: the main input file and the cross section (XSEC) file. The XSEC file should have the following structure:

	Line Number
	Entries

	1
	Number of Groups (G), Number of Compositions (C)

	2
	Composition Number, Description

	3 ~ G+2
	Group Number, Diff. Coef., Removal, nu-Fission, Chi for g

	G+3 ~ 2G+2
	Group Number, Row of Scattering Matrix, Format: (I3,100E13.6)

	(2G+3) ~
	Repeat Lines 2 ~ (2G+2) for other compositions


  The structure of the main input file remains the same as the previous one except for the cross section data and the acceleration parameter. At the end of the main input file, specify the number of the maximum of the Chebyshev polynomial and the number of outer iterations (N0) to skip the Chebyshev acceleration. The order of 0 would mean no acceleration.

2.
Write a routine that determines the k-inf of each fuel composition. Use the cross section set attached at the end and compare your k-inf with those given.
Part 2. Fission Source Iteration
1. Implement the fission source iteration scheme which consists of the following steps.

(Here upscattering is not considered for simplicity).


Loop for outer iteration step l
1) Determine fission source at each node and fission source adjustment parameter (
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Loop over groups

2) Determine source at each node for the current group
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where Gmax(g) and Gmin(g) are the upper and lower limit of in scattering groups.
3) Solve for flux for the group

4) Determine new fission source: 
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5) Estimate new k


6) Estimate pseudo error



7) Estimate Dominance Ratio



8) Print Iteration Table



9) Check Convergence and Exit outer if convergence is met


10) Print Fission Source Distribution 
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2. Solve the problem given below.
Part 3. Chebyshev Acceleration

1. Implement the Chebyshev Acceleration scheme with the following logic:

A) Perform power iteration for first N0 iterations and estimate dominance ratio
B) Start Chebyshev extrapolation at thr N0+1-th step and continue at least three steps .


After Step 7 above

8) Determine extrapolation parameters
9) Perform fission source extrapolation

10) Monitor error reduction factor




11) Estimate new dominance ratio

C) Reset Chebyshev cycle if necessary




12) Reset if actual error reduction is greater than the theoretical value




13) Reset if the max. order of Chebyshev is passed  

2. Compare the performance of the Chebyshev acceleration with the power method solution for the given problem. Examine various orders of Chebyshev polynomial.
Cross Section Data

8 6
1 k-inf=  1.202909
  1 2.611512E+00 7.372588E-02 1.348800E-02 3.505226E-01

  2 1.878146E+00 9.479265E-02 5.619300E-03 4.106131E-01

  3 1.153243E+00 6.510478E-02 9.895300E-04 2.385318E-01

  4 7.669535E-01 1.376884E-01 6.099400E-03 3.325125E-04

  5 7.539772E-01 1.980269E-01 2.256300E-02 0.000000E+00

  6 7.956779E-01 2.600460E-01 2.252600E-02 0.000000E+00

  7 5.484350E-01 3.469250E-01 9.564300E-02 0.000000E+00

  8 2.991952E-01 1.326900E-01 2.018700E-01 0.000000E+00

  1 0.000000E+00                                                                                           

  2 4.329800E-02 0.000000E+00                                                                              

  3 2.478100E-02 9.121400E-02 0.000000E+00                                                                 

  4 1.671800E-04 6.937500E-04 6.205800E-02 0.000000E+00                                                    

  5                           7.921800E-04 1.207300E-01 0.000000E+00                                       

  6                                        3.047800E-03 1.262000E-01 0.000000E+00                          

  7                                        4.225000E-04 1.775400E-02 2.013300E-01 0.000000E+00             

  8                                        3.010100E-05 5.350900E-03 4.000900E-02 2.854100E-01 0.000000E+00

    2 k-inf=  0.921402
  1 2.611512E+00 7.741217E-02 1.348800E-02 3.505226E-01

  2 1.878146E+00 9.953228E-02 5.619300E-03 4.106131E-01

  3 1.153243E+00 6.836002E-02 9.895300E-04 2.385318E-01

  4 7.669535E-01 1.445728E-01 6.099400E-03 3.325125E-04

  5 7.539772E-01 2.079282E-01 2.256300E-02 0.000000E+00

  6 7.956779E-01 2.730483E-01 2.252600E-02 0.000000E+00

  7 5.484350E-01 3.642713E-01 9.564300E-02 0.000000E+00

  8 2.991952E-01 1.393245E-01 2.018700E-01 0.000000E+00

  1 0.000000E+00                                                                                           

  2 4.329800E-02 0.000000E+00                                                                              

  3 2.478100E-02 9.121400E-02 0.000000E+00                                                                 

  4 1.671800E-04 6.937500E-04 6.205800E-02 0.000000E+00                                                    

  5                           7.921800E-04 1.207300E-01 0.000000E+00                                       

  6                                        3.047800E-03 1.262000E-01 0.000000E+00                          

  7                                        4.225000E-04 1.775400E-02 2.013300E-01 0.000000E+00             

  8                                        3.010100E-05 5.350900E-03 4.000900E-02 2.854100E-01 0.000000E+00

    3 k-inf=  1.128506
  1 2.651395E+00 7.319276E-02 1.556900E-02 3.683196E-01

  2 1.902262E+00 9.474042E-02 7.672600E-03 4.030796E-01

  3 1.158574E+00 6.565057E-02 2.053200E-03 2.282698E-01

  4 7.640528E-01 1.390049E-01 9.239300E-03 3.310397E-04

  5 7.339396E-01 2.140756E-01 5.474400E-02 0.000000E+00

  6 7.300336E-01 3.367950E-01 2.646700E-02 0.000000E+00

  7 4.569778E-01 6.052100E-01 5.226500E-01 0.000000E+00

  8 2.528893E-01 3.009900E-01 4.805000E-01 0.000000E+00

  1 0.000000E+00                                                                                           

  2 4.258100E-02 0.000000E+00                                                                              

  3 2.442100E-02 9.057800E-02 0.000000E+00                                                                 

  4 1.651600E-04 6.915200E-04 6.228600E-02 0.000000E+00                                                    

  5                           7.951700E-04 1.198400E-01 0.000000E+00                                       

  6                                        3.025700E-03 1.247800E-01 0.000000E+00                          

  7                                        4.192800E-04 1.758300E-02 1.955900E-01 0.000000E+00             

  8                                        2.987100E-05 5.297600E-03 3.924500E-02 2.796000E-01 0.000000E+00

    4 k-inf=  1.151832
  1 2.650551E+00 7.320690E-02 1.617600E-02 3.684397E-01

  2 1.902588E+00 9.480133E-02 8.327200E-03 4.030496E-01

  3 1.159259E+00 6.565644E-02 2.534200E-03 2.281798E-01

  4 7.618351E-01 1.401362E-01 1.130700E-02 3.308697E-04

  5 7.236937E-01 2.200685E-01 6.550900E-02 0.000000E+00

  6 7.141429E-01 3.474690E-01 3.180300E-02 0.000000E+00

  7 4.382332E-01 6.448600E-01 5.844700E-01 0.000000E+00

  8 2.432025E-01 3.434700E-01 5.579300E-01 0.000000E+00

  1 0.000000E+00                                                                                           

  2 4.246600E-02 0.000000E+00                                                                              

  3 2.438100E-02 9.043600E-02 0.000000E+00                                                                 

  4 1.650000E-04 6.910300E-04 6.212100E-02 0.000000E+00                                                    

  5                           7.929400E-04 1.197200E-01 0.000000E+00                                       

  6                                        3.022600E-03 1.246200E-01 0.000000E+00                          

  7                                        4.187600E-04 1.756400E-02 1.952000E-01 0.000000E+00             

  8                                        2.983400E-05 5.291500E-03 3.922900E-02 2.816600E-01 0.000000E+00

   5 k-inf=  1.067965
  1 2.695345E+00 7.366428E-02 1.330600E-02 3.505919E-01

  2 1.913070E+00 9.468301E-02 5.355100E-03 4.103123E-01

  3 1.157850E+00 6.546121E-02 6.042500E-04 2.387613E-01

  4 7.677484E-01 1.371120E-01 3.717900E-03 3.345118E-04

  5 7.591458E-01 1.933856E-01 1.409000E-02 0.000000E+00

  6 8.018025E-01 2.562380E-01 1.379200E-02 0.000000E+00

  7 5.482456E-01 3.398630E-01 6.049700E-02 0.000000E+00

  8 3.079861E-01 9.622300E-02 1.289000E-01 0.000000E+00

  1 0.000000E+00                                                                                           

  2 4.332600E-02 0.000000E+00                                                                              

  3 2.475900E-02 9.120800E-02 0.000000E+00                                                                 

  4 1.670800E-04 6.935100E-04 6.257300E-02 0.000000E+00                                                    

  5                           7.991100E-04 1.214600E-01 0.000000E+00                                       

  6                                        3.066300E-03 1.270100E-01 0.000000E+00                          

  7                                        4.253600E-04 1.786500E-02 2.019600E-01 0.000000E+00             

  8                                        3.030500E-05 5.385600E-03 4.009700E-02 2.953200E-01 0.000000E+00

    6

  1 4.362659E+00 7.835258E-02 0.000000E+00 3.504403E-01

  2 2.594841E+00 1.288637E-01 0.000000E+00 4.110903E-01

  3 1.347564E+00 1.216643E-01 0.000000E+00 2.381402E-01

  4 8.216657E-01 2.305701E-01 0.000000E+00 3.291903E-04

  5 8.069071E-01 2.838205E-01 0.000000E+00 0.000000E+00

  6 6.917639E-01 4.344544E-01 0.000000E+00 0.000000E+00

  7 4.051355E-01 5.899990E-01 0.000000E+00 0.000000E+00

  8 2.160714E-01 2.897300E-02 0.000000E+00 0.000000E+00

  1 0.000000E+00                                                                                           

  2 4.991400E-02 0.000000E+00                                                                              

  3 2.726400E-02 1.275800E-01 0.000000E+00                                                                 

  4 3.007700E-04 1.279800E-03 1.200800E-01 0.000000E+00                                                    

  5                           1.565800E-03 2.237400E-01 0.000000E+00                                       

  6                                        5.738600E-03 2.379300E-01 0.000000E+00                          

  7                                        7.997200E-04 3.405200E-02 3.562500E-01 0.000000E+00             

  8                                        5.697500E-05 1.028000E-02 7.271000E-02 5.760700E-01 0.000000E+00
Main Input File

10 40.0 6
6 4 4 4 3 3 5 5 5 6
80

  1.E30 1.E30

1.E-6 1.E-7
20 3











































_1220952382.unknown

_1221040221.unknown

_1221040822.unknown

_1221041089.unknown

_1221040529.unknown

_1221040122.unknown

_1220952265.unknown

