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INTRODUCTION 

The time eigenvalue problem is one of the 
three major eigenvalue problems considered in 
nuclear engineering applications, the others 
being critical dimensionalkoncentration 
eigenvalues and effective multiplication 
eigenvalues. The results presented here are a 
direct follow-on to one-dimensional 
homogeneous time eigenvalue results presented 
in the last ANS meeting in Pittsburgh [Ref. 11. 
We have expanded our efforts to calculate time 
eigenvalues and eigenfunctions for one- 
dimensional Cartesian heterogeneous slabs. The 
primary purpose of these calculations is to 
provide the code-development community with 
benchmark-quality results of the fimdamental 
time eigenvalue for heterogeneous slab systems. 
These calculations also yield the real higher 
mode eigenvalues (and eigenfunctions). Again, 
we employ the Green’s Function Method (GFM) 
in these analyses. We will examine systems with 
decaying and growing neutron populations. 

EIGENVALUE PROBLEM EQUIVALENCE 

The problem setup consists of a 
heterogeneous slab with N homogeneous regions 
that scatter one-group neutrons isotropicaily . 
Each region has an independent set of cross 
sections, and can have a nonzero fission cross 
section. The goal is to calculate the real (a small 
subset of eigenvalues) time eigenvalues using 
Green’s functions, where the eigenvalue system 
is constructed by assuming separability: 

Note that we indicate a family of eigenvalues by 
denoting the time eigenvalue with the subscriptj. 
There will be a finite set (2 0)  of real eigenvalues 
between the fundamental eigenvalue and the 
Corngold limit [Ref. 2,3], 

ilmin = - v m a x ~ f  , (2) 

where v is the neutron speed. 
The transformations needed for time 

eigenvalue calculations in heterogeneous slab 

media are the same as those listed in Ref. 1, 
namely 

R‘=l+- A j  , (4) 
VC; 

where the subscript i refers to the ith region. 

MULTI-REGION CALCULATIONS 

One key complication of analyzing 
heterogeneous media is the large matrix 
involved. Each region is described by two 
integral equations that include the incoming and 
outgoing boundary angular fluxes. The regions 
are connected by these boundary angular fluxes. 
We construct a “supermatrix” that is composed 
of submatrices that describe the integral 
formulations for the boundary angular fluxes of 
each region. More detail about the general 
calculational methods for heterogeneous slab 
media using Green’s functions can be found in 
Ref. 4. 

As with the multiplication eigenvalue 
calculation, the user sets the minimum and 
maximum values for the search space, as well as 
the step size. The code calculates real and 
imaginary values of a matrix determinant, and 
when both values are zero, we have found an 
eigenvalue. For critical dimension and effective 
multiplication eigenvalue calculations, we were 
able to take advantage of some calculational 
efficiencies, as the eigenvalue search parameter 
only affected portions of the supermatrix 
mentioned above. Thus, these constant regions 
were calculated once and saved for all 
subsequent computations. With time eigenvalue 
searches, because the search parameter modifies 
the total cross section, submatrices for all regions 
must be recalculated at each step. Thus, no 
efficiencies are gained as before. 

RESULTS 

We first attempt to compare results from the 
GFM to published data. Our source is Ref. 2, 
where they analyze a 10-@-thick slab with two 



regions. The left region is described by C, = 10, 
C, = 10, and the right region is described by 
C, = 10, C, = 9. To complicate the problem, the 
authors of Ref. 2 subdivided the two regions into 
successively finer structures (called “grain size”) 
by alternating the two materials a set number of 
times while keeping the total slab thickness 
constant at 10 mfp. For example, where there 
are ten regions (five of each type), we have a 
grain size of 1 mfp. A homogeneous case is 
constructed according to C, = 10, C, = 9.5. 
Results of the calculations from the GFM are 
compared to results published in Ref. 2 as shown 
in Table I. We note that the methods employed 
in Ref. 2 yield approximate results. 

Region 
1 
2 
3 
4 
5 

TABLE I. Eigenvalue Results and 
omDarisons with Ref. 2 

C, C, vCf A 
1 0.8 0.7 1 
1 0.8 0 1 
1 0.1 0 5 
1 0.8 0 1 
1 0.8 0.7 vary 

Grain 
Size (mfp) 

5 

2.5 

TABLE 111. 5-Region Eigenvalue Results 

1 0.990072 -6.15637 x l o 3  
0.989641 -6.44077 x I O 3  

As ki Ai 
1 

0.5 

0 

Ref. 2 
Table 4 

-0.551429 
-1.71149 
-2.94399 
-5.28234 

-0.703578 
-1.453 15 
-3.07282 
-5.26925 
-0.749672 
- 1.56062 
-2.96323 
-5.18772 

-0.758893 
-1.571 89 
-2.97899 
-5.21764 
-0.763 64 
-1.57699 
-2.98423 
-5.22462 

GFM 
-0.5508 12 
-1.70645 
-2.9423 1 
-5.16275 

-0.703 133 
-1.44826 
-3.07065 
-5.14979 
-0.748792 
-1.55474 
-2.9602 1 
-5.06991 
-0.757 198 
-1.56505 
-2.97523 
-5.098 12 
-0.763507 
-1.57201 
-2.98348 
-5.10866 

% Rel. 
Error 
0.11 
0.30 
0.06 
2.32 
0.06 
0.34 
0.07 
2.32 
0.12 
0.38 
0.10 
2.32 
0.22 
0.44 
0.13 
2.34 
0.02 
0.32 
0.03 
2.27 

In general, we see three trends based on the 
relative errors shown in Table I: 1) odd-mode 
eigenvalues are easier to calculate than even- 
mode eigenvalues, 2) the higher mode 
eigenvalues are more difficult to calculate than 
lower modes, and 3) as the grain size decreases, 
the relative error increases (it is more difficult to 
calculate eigenvalues for very heterogeneous 
systems). In addition, calculations using the 
discrete ordinates code PARTISN [Ref. 61 
confirm GFM results to five significant figures. 

To provide some additional results including 
a case with a growing neutron population, we 
analyze a form of a problem that was introduced 
in Ref. 5. We consider a five-region system 
designed to analyze loosely coupled fissile 
systems. The parameters describing this system 
are shown in Table 11. Note that we vary the 
thickness of the rightmost region, Region 5.  The 
first two (i.e., fundamental and first higher 
mode) effective multiplication (k) and time 
eigenvalues (A) are shown in Table 111. We note 
that thickening the rightmost fuel region results 
in a large change in the fundamental eigenvalues, 
but very little change in the first higher mode 
eigenvalue. This phenomenon was also 
observed in Ref. 2. The eigenfunctions related to 
these eigenvalues show similar behavior, where 
the scalar flux magnitude varies greatly, but the 
higher mode eigenfunctions do not. 
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