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convenient functionals, and then the reduction of these stationary
conditions to algebraic equations through the choice of a convenient
system of basic functions (in this case trigonometric functions).
This code has been tested trough comparison of results with
WHIRLAWAY ones. These results agree very well, especially in the
case of the eigenvalue. Compared with WHIRLAWAY, LOUISE III
requires a far smaller execution time.
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FOREWORD

This program, called LOUISE III, is written in Fortran,
for an electronic computer having, at least, 30K memory posi-
tions and seven magnetic tapes (5, 6, NA, NB, NC, ND, NE),
two of which are employed for reading input data (tape num—
ber 5) and for writing the results (tape number 6).

This program has been written in Fortran Monitor for the
computer IBM 7090; it is an extension of two existing pro- |
grams (LOUISE I and LOUISE II¥*) for solving problems related

to multi-dimensional diffusion differential equations.

- We are indebted to Prof. Sergio Albertoni -
for the problem suggestion and for the

constant interest.

¥Already developed by A.R.S. (Applicazioni e Ricerche Scientifi-
che) group by account CETIS (EURATOM-ISPRA) and labeled
EUR-3501, EUR-3511i






A MULTI-DIMENSIONAL, MULTIGROUP MULTIREGION,
NEUTRON DIFFUSION CODE (ITERATIVE-VARIATIONAL APPROACH)

§ 1 -~ DIFFUSION DIFFERENTIAL EQUATIONS CONSIDERED IN THE
LOUISE III CODE - |

Our problem is the following one: _the‘ determination
of the function Lei(i) , where 1 = 1, 2,.00.., NG, (102NG>2
is the number of groups), and X is a vector with X, compo-
nents, K= 1, 2,....., NS (1<NS<7 are the space dimension)A,

satigfying the following equation:

N8 2 NS - Lo . .
w9 e o 5 p@ 200 -
« N . . _
- X 7 BOE® + Cmem @

. .
C () =05 Xgue Xi¢ ok g ( Xox = 0 and Xxyq, , are fixed

values) with the following boundary conditions for the (.e*(i)
and their derivatives on the hyperplanes SZO,K , wWhose equa-

tions are x4 = 0, and X, , , whose equations are X, = X AR Kk
’

- 0 @)
(X =0 (__,,_,_ =0
('e NRIK) () xk i:io’K
() (x) . . .
D () ————-———— must be continuans functions of x, , with

Xoxé Xk & Xm\,x where 1<NR<25 is the number of the regions(in~
terface~boundary conditions).

For what concerns the functione D*(X) R AL(J-L) , B*(X) ,
Ci(i) and the coefficients X; of the system ({), we regard

them as constants on every region T, defined as follows:



a) let T be the space of the points X satisgfying the ine-
quality Xo«% Xy € Xunk
b) Let T, be the £ ~th region of this space formed by such

points X that, for 1<€<NR, Xgx< Xk Xgy, WheTe X,
NR !

and LN T, = ¢ (for s=r) and 'U=é(,’/4 Te

< Xouy

Jurthermore the following properties hold:
A (X) 20; BY(X)20; CY(X)»0; D(X)>0; ¢™(R) = 0
. Ng
: > ¢
and X'20; 2 X°=4, X0, x>0
434 .
We make us%sof the following approximation:
l’;Nt
let (e’;(i)= 2 otjﬂ Fj()'(), where F; (X) satisfy the boun-
j=1
dary conditions and are defined as follows:

T o & T X
B}(XJ=E( ) cos[@gk-zl)? K ]

X nR, K Xng, x

where:
[« is the K~th element of the set 55 formed by NS ele-

ments, each of which is respectively included between 1 andNy
NS

(=1,2,000.., NS); satisfies <he ineguality 1 £ j < 'IE N

and refers to all possible elements' combinations of the t%

sets.

N, is the number of the harmonics, taken along the

coordinate, by which ch(i) is approximated.

The numerical procedure in an iterative one, and gives
, j
Far a detailed description of the iterative method see

the eingenvalue A and the coefficients o

the mentioned reports EUR-350i and EUR-3511i.



‘ NS
This program calculates the values of fluxes in (DXT+1)

points, giving a suitable integer wvalue to DXT. Fluxes are
calculated also in the corners of each regions.

The iterative procedure stops when either the absolute

Ay = At
Ah—-!

less than g fixed number EPS, or the number of iterations

value of the ratio, , (t is an iteration index) is

exceeds a fixed quantity called ITE.-

§ 2 — INPUT DATA CARDS -

Input data deck consists of seven kinds of cards, which

follow this scheme:

"l-st kind
one card, in columns

1 - 2 is punched KOR(L2) Cases running number

2-nd kind
one card, in columns

2 - 72 is punched TITLE(1246) Title of the problem

3=-rd kind
one card, in columns
1 - 4 is punched NS(I4) Space dimensions in cm

5 - 8 is punched NR(I4) Regions number




10

9 - 12 is punched NG(I4) Groups number
13 - 16 is punched ITE(I4) Greatest number of iterations
17 - 31 is punched DXT(F15.8) Mesh intervals on each axis in cm
32 — 46 is punched EPS(F#15.8) Precision

4d-th kind

one card, in columns

1 - 4 is punched N(1) (I4) Harmonics number along Xx; axis
5 — 8 is punched N(2) (I4) Harmonics number along x, axis
(4k=3) - 4k is punched N(k) (I4) Harmonics number along x, axis
25 — 28 is punched N(7) (I4) Harmonics number along x, axis

The data N(k) (for NS+l<k<7) may be omitted.

5-th kind
NR decks, each of them consists of NS cards. Each card is
punched as follows: columns

1 - 15 XE1 (F15.8) Lower limit of the interval on
the k-th axis of the [, region in cm

16 - %0 XB2 (F15.8) Upper limit of the interval on
the k-th axis of the [, region in cm

£=1, 2,.cc.., NR and k = 1, 2,..00., NS

6-th kind
NR decks, each of them consists of NG cards. Each card is

punched as follows: columns
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1 - 15 AD (F15.8) ABS + REM, sum of macroscoplc absorptlon
: o cross sectlon in cm'and removal cross
| section for i-th group and T, region

16 - 30 BD (F15.8) NU FISS, product of the fission yeld by

the macroscopic fission cross section in
n'for i-th group and T, region

31 - 45 CD (F15.8) | REM macroscopic removal cross section in
e for (i-1)-th group and T, region

46 - 60 DD (F15.8) - DIFF, diffusion coefficient for i-th group
and region in cm '

e=l, 2,...0.,NRandi=l, 2,0-009, NG’
T-th kind

one card, in columns

1

8

(71-6)

64

7 is punched CHI(1l) (P7.5) |Fission spectrum integral for the
group 1

14 is punched CHI(2) (F7.5) Fission spectrum integral for the
group 2

71 is punched CHI(I) (P7.5) Fission spectrum integral for the
group I

70 is punched CHI(10) (FP7.5) Pission spectrum integral for the
group 10

The data CHI(I) (for NG+1<I¢10 may be omitted




statement number
NG

D CHI(4) # 1

4=1

statement number

NR > 25

statement number

AM = O

statement number
NS

NG. H N> 2700

statement number

NS >7

gtatement number

NG< 1

statement number
scatement number
statement number

* X(0)> X (CH4)

NA N§

Ng p
el
Kad =4 k=-

10

11

12

13

41

42

43

12

Sum of fission spectra integral #1
Region number > 25

Element (p,p) null 1<p< ﬁ Ny

Alfa Vector dimension > 2700

Space dimension > 7

Group number <1
Negative coordinate
Wrong coordinates reading¥

Inconsistent description**

y Xx coordinates of the same region

[{tgnteet) - (xCK<)z))"’H>5-1o“’ , p=42,..10



13

§ 3 — CONTROLS -

This program has the possibility to stop the execution,
when data are written in a wrong way, or when the number of
memory positions, requested for storing the input data,
exceeds the maximum available number of memory positions.

With this aim stop statements have been inserted, such
that the computer does not go in the execution, and prints

the following comments:

statement number 2
NS

2.NS.NR. 2, Ny >3000 Vector A dimension > 3000

statement number 3

N44 < 1 . Lines number in a single block < 1

statement number 4

CHI(NG) #+ O Fission spectrum integral of group NG = O

gtatement number 5

2.NS.NR > 200 Table II dimension > 200

statement number 6

NG > 10 Group number > 10
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§ 4 -~ OUTPUL -
Data are printed as follows:

Title

Dimension

Regions number — Groups number - Greatest number of iteration -
Mesh intervals each axis - Precision

Harmonics number along x, axis (k =1, 2,c0e0., NS)

Title

Regions dimension

Title

Macroscopic constants for each region and each group

Title

Eigenvalue for each iteration

Tivle

WNormalized coefficients of the ¢g*(%) expansion for each group*

¥ The ﬁprmalization factor is:

T Ny
NG i R 1 4
et 2 (9.x 24
41 4.4 g f=4 Be kag T < ““;K) 22(4-4

. [«SW (25 ~1 )Xo lert) - _ /m (. §5=4)- Xp« ) - ﬁa"}
2 - X R k 2« Xnax
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Title
Flux values tabulated on the mesh points of a net having the

path equal t0 Xyux [DXT, k = 1, 2,....,, NS along each axis

Title

Flux values calculated on the corners of each region

§ 5 — SAMPLE PROBLEM -

As sample problem we treat the same problem which can
be found in Fowler-Iobias' WHIRLAWAY: "A three-dimensional,
two-group mention diffusion code for the IBM 7090 computer,
ORNL-3150-".

For what concerns the eigenvalue, our results coincide
with Fowler's ones within 3%,3%% if we use 3,1,1 harmonics
along x, y, z respectively axis (see appendix 1).

Results become more exact if we use a greater number
of harmonics; in fact if we use 10,1,1 harmonics, our results
coincide with Fowler's ones within 3,0% ( see appendix 3).

In order to compare our fluxes with WHIRLAWAY ones we
have normalized either LOUISE III fluxes or WHIRLAWAY fluxes
in the following way: we considered a straight line and we

divided each value of the flux, computed along this line, by



a)

b)

16

the maximum value of the flux along the same line (the straight
line along which we normalized the fluxes was not exactly the
same for WHIRLAWAY and LOUISE III, but this does not make a
great difference, because these two lines were very near each
other, and near these lines fluxes had about the same values)
(see appendix 4).

In the case with 10,1,1 harmonics along respectively
X,¥,z axis the execution time, when fluxes are calculated
in 133%0 points, was 1' 47". WHIRLAWAY code nead 8' inoorder
to perform the same calculation. 6 o

The execution time is approximately proportional to(ﬂhh)NG
Obviously the execution time is strictly connected to the
convergence velocity; in the examples that can be found
herewith (see after) the maximum number of iterations was
eight.

In order to be sure of the accuracy of the Fortran
coding, the following consistency test have been made:
we made two calculations for a reactor modef-having inter-
faces only along 3, axis (no interfaces along x, and x, axis)
respectively with %,1,1 harmonics and %,3,3 harmonics: the
results almost coincide (see appendix 2),
we have calculated a reactor with fixed physical constants,
but different geometric subdivisions (see appendix ?).

Using %,3,3 harmonics number along respectively x,y, and z
axis, our eigenvalue coincide with WHIRLAWAY eigenvalue

within 2,01%; in order to perform this calculation, WHIRLAWAY

- already used in appendix 1.



17

code neads + hour and LOUISE III needs only 6'.

It would be interesting to compare the number of har-
monics (required by a finite-difference scheme) and the num-—
ber of mesh points (required by a finite-difference scheme )
in order to obtain approximations of the same order of magni-
tude with respect to the eigenvalue and to the fluxes.

With this aim it should be necegsary to perform same
calculations to be compared with the results obtained by

other programs.
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LOUISE 111

SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CQODFE

DIMENSION= 3
REGIONS NUMBER= 3 GROUPS NUMBER= 2
GREATEST NUMBER OF ITERATIONS= 99 MESH INTERVALS ON EACH AXIS= 2.0 PRECISION=0.00G1000

HARMONICS NUMBER ALONG X AXIS 3,Y ax1sS 1,Z AXJS 1
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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SAMPLE PROBLEM FOR COMFARATION WITH WHIRLAWAY CODE
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SAMPLE PROBLFM FOR COMPARATION WITH WHIRLAWAY COOE
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SAMPLE PROBLEM FUR COMPARATION WITH WHIRLAWAY CODE
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SAMPLE PROBLEM FOR COMPARATICMN WITH WHIRLAWAY CQCE
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Canandix 2
LOUISE III
SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY COCE
DIMENSION= 3

REGIONS NUMBER= 3 GROUPS NUMBER= 2
GREATEST NUMBER OF ITERATIONS= 99 MESH INTERVALS ON EACH AXIS= 2.0 PRECISION=0.001000

HARMONICS NUMBER ALONG X AXIS 3.Y AXIS 3,7 AXIS 3
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY ccobe
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY COCE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CCCE

EIGENVALUE

ITERATION

——
elslotoTotte)
NERRN
wwwwwul
FODOCOCO
oNO—ING
FCBOON
OO~ N
OO~
SN0
— O e —
— O

e 8 » 0 0 o

QOOOOQO

——— e ——
QOO0

[N
wwwuwus
oFOOCOC
O N0~y
oIFOCDVOO
OO NI~
LN OUN O~
O~ N
O = O r——
O N0 M~
@ & 8 & o 0

QODOOOQ

— NN N0



LOUISE I11

SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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SAMPLE PROBLEM FOR COMPARATION HWITH WHIRLAWAY CODE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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LOUISE 111
SAMPLE PROELENM FCR COMPARATION WITH WHIRLAWAY COCE
DIMENSTON= 3

REGIONS. NUMBER= 3 GROUPS NUMBER= 2
GREATEST NUMBER OF ITERATIONS= 99 MESH INTERVALS ON EACH AXIS=10.0 PRECISION=0.001000

HARMONICS NUMBER ALONG X AXIS10,Y AXIS 1,Z AXIS 1
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SAMPLE PROBLEM FOR COMPARATION wITH WHIRLAWAY CODE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWKAY
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SAMPLE PROBLEM FOR COMPARATION WITH WHEIRLAWAY CODE
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SAMPLE PROBLEM FCR COMPARATION WITH WHIRLAWAY COD
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CCDE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY COCE
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LOUISE III

SAMPLE PROBLEM FOR COMPARATION wWITH WHIRLAWAY CODE
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PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE

SAMPLE
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SAMPLE PROBLEM FOR COMPARATION wWITH WHIRLAWAY CODE
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LOMPARATION WITH WHIRLAWAY COCCE

SAMPLE PROBLEM FOR
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LOUISE II1

SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY COCE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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LOUISE I11

SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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LOUISE III

FOR COMPARATION wITH WHIRLAWAY CCCE

SAMPLE PROBLEM
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LOUISE IH!

WHIRLAKAY COGE

SAMPLE PROBLEM FOR COMPARATION WITH
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SAMPLE PROBLEM FOR COMPARATION wWITH WHIRLAWAY CODE
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LOUISE

SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY COCE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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LOUISE III

FOR COMPARATION WITH WHIRLAWAY COCE

SAMPLE PROBLEM
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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LouisSE III

SAMPLE PROBLEM FOR COMPARATION wWITH wHIRLAWAY COCE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY COCE
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LOUISE II1

FOR COMPARATION WITH WHIRLAWAY CCOE

SAMPLE PROBLEM
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SAMPLE PROBLEM FOR COMPARATION WiITH WHIRLAWAY CCCE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY COODE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY COCE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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LOUISE III

SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY COCE
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LOUISE II1

SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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LOUISE II1

SAMPLE PROBLEM FOR COMPARATION wITH WHIRLAWAY COCE
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LOUVISE I11I

WHIRLAWAY CCCE

WlTH

SAMPLE PROBLEM FOR COMPARATION
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CCDE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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SAMPLE PROBLEM FOR COMPARATION wITH WHIRLAWAY CODE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY COCE
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FOR COMPARATION wITH WHIRLAWAY CODE

SAMPLE PROBLEM
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PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE

SAMPLE
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FOR COMPARATION WITH WHIRLAWAY CODE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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SAMPLE PROBLEM FOR COMPARATION wITH WHIRLAWAY CODE
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FOR COMPARATION WITH WHIRLAWAY CODE

SAMPLE PROBLEM
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FOR COMPARATIGN WITH WHIRLAWAY CODE

SAMPLE PROBLEM
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FOR COMPARATION WITH WHIRLAWAY CODE
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PROBLEM FOR COMPARATION wWITH WHIRLAWAY CODE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE

2
FLUX

GROuUP

[slelaleallle s lebh s 1o Te [e e Las Tie Do Lo Yo 16 Lo Tov Teb T Tar Yo o Yoy Tas Jon Taw Tun Yoo T Té Lern Lo T )
ANNANNNNANNANNNANNNN AN NN NN N NN AN NN NN N NN NNN
0 8 0 00 600 © 3 906 e 9004869 80 6600 6O0O0CGEOCEEESSEEESO OO
V00OV OVOVOVVOVOVVOVOVVVVOVOVVOVVVVOVVVVVVVVOVVOVVOVOVO

(e R gt Gnng (D (e g (o (s o (o (o [ (o (P (P o (e e o e — D (ot ot (o (ot ot PO

NNO OO DOODOOANNINNNINNNNININO O OO OO OO
NNDODOOSOODD VOO MM MMM N M M S P AN N DDA NN NN
® 0 6 0 0 0 0 00 0 90000006 800060 ¢ 000 & 660000600000

[aViaVaalaslasashaelaslaaliahiahanlisTashahaslishalasliolasTas laplapl. g g~ Jio 5= 0 J J g~ 9~ = JVa ¥ g [Va Vo]

00 0OCODVOO0ODO COOVNOOOO0 QOOOQADO00O OO0
N NDNDNOINOND NONDNONDND  NDNONDNOND NN
@ & 0 0 0 0 3 0 ¢ & 3 ¢ 9 2 9 &6 & 6 ¢ 0 0 ¢ 0 0 0O 9 O 808 0 8 26 606 0 a9
NNONNNONN-SNNONN- O NN DNNO NN O NN S NN DN
————cONN —r———CIN N e e = NN N

M DNANNN MM MMM O NN NN MMM OO NNM NN NN OMN NN
[elylelbleleldlblelelBlel Joldlelnleldlhlplbleljolelslvielslnlelslelfo e [o]
O I I N O o T e T T O T T I T 2 e T T I O OO |
wwwwrywuh iy i yusiwuwiuwiydsusw iy wipisw i ww g u U
MIFNDONI 3OO =N~ TNOAIN-O0D T -OMNDO0ODDOON
O —-ONNNODONO— NN~ OO O OODVIN= O DN NN OMANDNDONNODO
MMNC OO O—— AN FONNOON == N O~ OO0 OO OO ANMOO—O®
OQONNO IS TN NOM—MNNF IO~ = =N NOMONMNN IO~ T
NI R NN OV D OP M M — O O MN OO O DN NN N O NN
QDN DOOOMOINCITNITNO—ON O™ M=) D VO0OAU FNN— NN
CIIMMN—OINONMNNANN~OMNITOFONCOO S FIN~OONNOOONN
ol Tl oanlenlanladvoNelVa s ladte Lyl pdodeo L iV a B g p LogiVe LadeposSoo |l e i ) p TQV L= ool Ll \ R o)
© 3 00 6 8 0 6 8 8 @ 0 0C 0 ¢ e 50 0 00 S P 08 O 00 800 6 SO 0O
QOLOTDTOID IDNIOIITIDIINDIDODIOOODCIIIITIUIDIDADMNDIIDDOIAODD



LOUISE 111

SAMPLE PROBLEM FOR COMPARATION WITH WHIRLARAY CODE
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SAMPLE PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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PROBLEM FOR COMPARATION WITH WHIRLAWAY CODE
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FOR COMPARATION WITH WHIRLAWAY CODE
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TEST REACTOR 1ST GEOMcTRIC SUBLCIVISION

DIMENSION= 3

REGIONS NUMBER=19 GROUPS NUMBER= 2
GREATEST NUMBER OF ITERATIONS= 99 MESH INTERVALS ON EACH AXIS= 2.0 PRECISION=0.0010CD

HARMONICS NUMEER ALONG X AXIS 3,Y AXIS 3,2 AXIS 3
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GEOMETRIC SUBDIVISION
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TEST REACTOR 1ST GEOMETRIC SUBDIVISION
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TEST REACTOR 2ND GEOMETRIC SUBDIVISION
DIMENSION= 3

REGIONS NUMBER=23 GROUPS NUMBER= 2
GREATEST NUMBER OF ITERATIONS= 99 MESH INTERVALS ON EACH AXIS= 2.0 PRECISION=C.001000

HARMONICS NUMBER ALONG X AXIS 3,Y AXIS 3,Z AXIS 3
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