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SUMMARY
IBD-1L : ONE LINE OVERRELAXATION CODE FOR DIFFUSION THEORY

CALCULATIONS (AN IMPROVED VERSION OF IBD-1 CODE)

The block overrelaxation method was applied to IBD code to
accelerate the solution of few group diffusion equations in two
dimensions some years ago. It was demonstrated that the one line
overrelaxation has improved the convergence in inner iteration
process greatly. But the CPU time was larger than that of point

relaxation case due to the algorithm used at that time.

This new version of the IBD-1 code, tested on VAX/11-750
machine available at Cekmece Nuclear Research Center, has a fast
algorithm which reduces CPU time drasticly. In fact, it is found

that IBD-1L is about 1.41 times faster than IBD code.

OZET
IBD-1L : DiFUZYON HESAPLARI iCiN BiR SATIR OVERRELAKSASYON

KODU (IBD-1 KODUNUN GELiSTiRiLMiS SEKL1)

Bir kac¢ y1l 6nce iki boyutlu, birka¢ gruplu diflizyon denklem
lerinin ¢dézuminu hizlandirmak icin blok overrelaksasyon metodu
IBD koduna tatbik edilmisdi. Tek satir overrelaksasyonunun ic
iterasyonun yakinsamasini buyluk 6lciide iyilestirdigi, fakat kul-
lanilan algoritma dolayisiyla harcanan CPU zamaninin eskisine

gore arttigi: gorulmisdi.

Cekmece Nikleer Arastirma Merkezi'ndeki VAX/11-750 makine-
sinde test edilen IBD-1 kodunun yeni versiyonu CPU zamanini bii-
vuk mikyasda azaltan bir algoritmaya sahiptir. Gercekten de
IBD-1L kodunun, IBD koduna nazaran yaklasik 1.41 kere daha hizl:

oldugu gorulmiustir.
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1. INTRODUCTION

The theory of one line overrelaxation technique was applied
to the solution of neutron diffusion equation some years ago
(1). The calculations done for several problems proved thﬁt the
number of inner iterations was drasticly reduced. Infact, for a
2D diffusion problem of size 24x29 mesh points the total number
of inner iteration was decreased more than 50 % as compared with

the results of point relaxation method used in IBD code (2).

The first version of IBD-1L code has rather slow algorithm
which resulted in longer CPU times than that of IBD. Hence, it
was necessary to improve its algorithm in order to have a prac-
tically useful and fast diffusion code. This report summarizes
the features of new fast algorithm and corrections of some misp-
rints in the first report. This new version of the code, tested
on VAX/11-750 machine, is about 1.41 times faster than IBD code

as it was reported in literature (3).
2. THEORY AND ALGORITHM

2.1- Matrix Formulation

The finite difference form of group diffusion equations

in two dimensions is

g g g & g -9 g g
- b ¢ + a ] - c ¢ - d
lsj 1—1!j ilj i'J i'j i+1'j ioj ilj—l
g :
8 8 X g g g (2.1)
- e ¢ = S + S = 8§
i, g 1i,j+1 k fi,J si,J i,J
ef
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which can be converted into a matrix equation

A ¢ =5 (2.2)

This matrix equation is converted into a partitioned metrix

equation form:

[ T B 7 1
B E ¢ [ s
1 1 1 1
0
D B E ¢ s
2 2 2 2 2
y = | . (2.3)
E ¢ S
M-1 M-1 M-1
o D B ¢ S
M M M M
i | i | i 1
The definitions of B , D , E, ¢ , and 8 are given in
i 4 i i i
Ref.(1). The matrices B s are three diagonal. but D and E
i i i

i
matrices are diagonal. The subscript M shows the number of

rows in mesh structure for one line partitioning.

The successive overrelaxation technique applied to the
Eq. 2.3 gives the following set of equations:
g ~ g(m) g€ g(m) g g(m-1) g
B ¢ = -D ¢ -E ¢ +'S
i i i i-1 i i

(2.4)

g(m) A g(m) g(m-1) g(m-1)
-w[¢ - ¢ ]+4>
b
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where m shows the iteration number.

Egqs. (2.4) can be converted into a more convenient form in

order to apply relaxation technique:

A (m) (m) (m-1)
N Y = - N Y - N Y + S
i,i i i,i-1 i-1 i,i+l1 i+l i
(2.5)
(m) A (m) (m-1) (m-1)
Y = W [ Y - Y ] + Y
i b i i i
for each energy group. Here
N = N = 0 , and
1,0 M,M+1
B is factored such that
i
T
B = S . S
i i,i i,i
and R is the diagonal matrix whose diagonal elements are
i,i
the diagonal entries of S . And also
i,i
-1 -1
N = R B R
i, i i,1 i i, i
-1 -1
N = R D R (2.6)
ioi_l ioi i i—lvi—l
-1 -1
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The new solution vector Y is defined as
i

(m) (m)
Y' = R ¢ (2.7)

2.2- Algorithm

The solution of Eq. (2.5) still follows the methodology
given previously in Ref. (1), except major changes in programme

structure. The new algorithm uses the following properties of

matrices:
i- N and N A are diagonal matrices and can be
i,i-1 i, i+l '

constructed easily. The products of N' . and Y are
also calculated readily. e ’

ii- The factorization of N' . is very simple due to
special structure of S 1:1 and le matrices (refer
to Ref. (1) for thi,ldescript;;; of factorization

process).
iii- The application of Square Root Method becomes very

simple due to simple matrix structure.

The inner iteration process utilizes the following
convergence criteria ( see Ref. (1) or Ref. (3) for the notation

used here.).

1) When

- (m) (m) -5
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then a new )\ value calculated for a new h% ; otherwise P

and therefore wb is not changed.

2) If
(m)
_ (m) (m) 2 - W
W - W 2
- 5
then iteration is continued with same omega value. Otherwise a

new optimum omega is calculated.

3) If either m = 40 , or the difference between the point
values of fluxes in - successive iterations becomes less than EPS4
., then inner iteration stops. The parameter EPS4 is made smaller

in first few (here,2) iterations, then it is kept constant.

3. SUMMARY DESCRIPTION OF CHANGES IN PROGRAM

A small routine is added to the program in order to obtain

average group fluxes over the core region.

3.1- Subroutines

The new form of code has fewer subroutines in order to
improve the speed of program. Most of the subprograms, not
common in both IBD and IBD-1L is combined in two subroutines.

The following subroutines do whole block acceleration of
inner iteration:

CozZ2 : finds flux distributions by applying Square Root
Method and does one line acceleration by

calculating optimum overrelaxation factor (y)
b
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KATSA : sets up the matrices N ., N . R s , and

factorized matrix S

3.2- Input Data

The first card in input data deck contains four parame-

ters which define the core region for average flux calculation.

1. card : IRRX1, IEKRX2, IRHZ1, IRHZ2 415

The second card is changed to have two more input data,

that is

2. card : EPS2, EPS3, EPS4, NRR 3F10.7, 1I2

The integer NRR defines options to have full output which
includes normalized flux and fission source distributions over
the mesh structure. The EPS4 is the convergence factor used for

flux approximation and it should be smaller +than EPS3 after

first few iterations. The initial value of EPS4 is chosen
according to the accuracy required for flux calculations. Its
initial value can be taken as 0.02, or 0.01 and final value

becomes as 0.0002 or 0.0001.

1 for full output of distributions

If NRR =
2 for only relative flux distribution

The rest of the data deck is not changed as given in Ref. (1).

Appendix 1 gives whole input data and information on parameters.
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4. APPLICATIONS AND RESULTS

The new version of IBD-1 code, that is IBD-1L, has been
tested on several problems and compared with the performances

of IBD under the same convergence conditions.

i- The first test problem was a fictive reactor shown in
Fig. 1. A mesh structure of 10 x 10 points in R - Z geometry and

two energy groups have been used in the criticality calculati-

ons .
Mesh Structure

YA
R Z

19 Cm
_ Core 7 7

Water
13 Cm Reflec. 3 3
10 10
Core
12 Cm 18 Cm R

Figure 1- Axially Symmetric Test Problem No. 1

ii- The second test problem is same as the test problem
no. 1, except the size of the fictive reactor and mesh structu-
re. The following Table 1 shows the relevant information for re-

actor geometry.
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Table 1 - Geometry and mesh structure of test problem No. 2
R axis Z axis
Region :
Length Mesh Length Mesh
(Cm) points (Cm) points
Core 38 20 39 20
Reflector 8 4 18 9
46 24 57 29

Two group criticality calculations have been performed for +this

axially symmetric problem.

iii- The third problem is the TR-2 small core configuration
shown in Figure 2. The ccre 1is reflected from one side by
Berillium blocks, and the other side has two Aluminium blocks
located at each corner. The control rod BC-2 is fully inserted

while three other rods are out of the core for this test run.

A four group, 24 x 29 mesh point structure in X-Y geometry

modelling has been used for criticality calculations.

The results obtained by both codes for test problems have

showed that IBD-1L is almcszt 1. 41 times faster than IBD.

Table 2 summarizes the information about the runs of the co-
des on the test cases. Total numbers of inner iterations are
largely reduced by overrelaxation method. The outer iteration
numbers remain same for both codes. The values of effective mul-

tiplication factors changes in fifth digit. The flux values at



Water reflector

|Be |Be |Be |Be | Be : Be blocks
|BS1|  |BS2 Al : Al blocks

BC1| | | BC : Control rod
| | BC2 | BS : Shim rod

Al | | | Al Blanks are standart

fuel elements

Figure 2- TR-2 Small Core Configuration

mesh points obtained by two programs diverges from each other at
different digits depending on the sensitivity factor, EPS4 wused
for flux convergence. The changes in average group fluxes are at
fourth digits. The reduction of EPS4 reduces the gain in CPU ti-
me for small size problems, but on the contrary it improves the
point and integral values without increasing computation time

too much for more complex problems.

Hence, it can be used as an all purpose code in any critica-
lity calculations. Point overrelaxation codes would give more
sensitive results in shorter times if they uses flux distributi-
ons obtained by IBD-1L code as input flux for large and complex

problems.
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APPENDIX 1- INPUT DATA DECK

1. card : IRRX1,IRRX2,IRHZ1,IRHZ2 415
2. card : EPS2 ,EPS3,EPS4 ,NRR 3F10.7,12
3. card : IB, ICAP,IGEO, IAD, IGUC, IBAK, ICEY,
KMAX, IMAX, JMAX,KOMSA,IBIS 1213

4. card : (IS1(1),182(1),J81(1),JS2(1), I=1,IB 1814
(4+1IB).

card : KK(K),IMAT(K), K=1,IB 1814
(4+21IB).

card : DELRI(I), I=1,IMAX 8F10.5
(...)

card : DELZJ(I), I=1,JMAX 8F10.5
(...)

card : X(K), K=1,KMAX 8F10.5

(...)
card : XNU(K,N),DF(K,N),SA(K,N),SF(K,N),

(SS(K,M,N), M=K,KMAX)

N=1,KOMSA, K=1,KMAX 8F10.5
(...)
card : P E14.7
(...)
card : HYUK E14.7

Information about some of the input parameters:

1B : number of regions
TGEO : 1 for cylindrical geometry
0 for cartesian geometry
ICAP # 1 + ICEY # 1 : whole core in cartesian geometry
ICAP = 1 + ICEY # 1 : half core (Y axis sym.) in cartesian

geometry, or whole core in cylindri-
cal geometry



ICAP # 1 + ICEY

ICAP = 1 + ICEY

IAD

IGUC

IBAK

KMAX
IMAX
JMAX
KOMSA

IBIS

IS1(1)
IS2(1)
JS1(1)
Js2(1)
IRRX1
IRRX2
IRHZ1
IRHZ2
KK(K)
IMAT(K)
DELRI(I):
DELZJ(1):
X(K)

XNU(K,N) :

~A2-

half core (X axis sym.) in cartesian
geometry

quarter core in cartesian geometry,
or half core in cylindrical geometry

0 for flux and adjoint flux calculation
> 2 for flux calculation only

1 for power and source distribution calculation

2
1 B. is calculated by HYUK for X-Y geometry
0 for cylindrical geometry case

number
number
number
number

0 for
1 for

of

of

of

of

groups
mesh points in X or r axis

mesh points in Y or Z axis

compositions

relative flux calculation
relative and normalised (power) flux

left side boundary of region I

right side boundary of region I

bottom side boundary of region I

top side boundary of region 1

left boundary of core region

right boundary of core region

bottom boundary of core region

top boundary of core region

mesh number of region K

composition number in region K

mesh intervals in region I on X or r axis

mesh intervals in region I on Y or Z axis

fraction of fission neutrons in group K

) for group K and composition N
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DF(K,N) : diffusion coeffient for group K and composition N
SA(K,N) : L. for group K and composition N

SF(K,N) : L: for group K and composition N

SS(K,M,N): L. from group K to group M for composition N

P : reactor power in watts for IGUC =1,or IBIS=1 cases
, otherwise no need for P

HYUK : height of reactor core in Cm for X-Y geometry



