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ABSTRACT

A computer code, 3D-HEXLAX, has been wrltten in FORTRAN II to
solve the one-group neutron diffusion equation over a triangular
network of polnts in two- or threefspace;dimensions by relaxation
methods. The network can contaln up to 317 grid points in the R~8
plane and up to 16 horlzontal levels. Typlcal computation time on
the IBM 704 ranges from 43 tc 255 minutes as the number of grid

points vary from 3,500 to 13,000,
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A COMPUTER CODE FOR ONE-GROUP
FLUX CALCULATIONS IN THREE DIMENSIONS

IRNTRODUCTION

Numercus studies requiring celculation of the over-all flux distribution
in the Savannah River reactors have been made using one-group diffusion
theory. Buckling values for the various reactor regicns are measured experi-
mentally and are then used in the diffusion equation to calculate the flux
distribution, This simplifled methecd has been used successfully to determlne
control rod posltions required for shaping the axial snd radial power dis-
tribution. At the Savannsh River Laborstory one-group diffusion theory codes
have been developed with two-space dimenslons allowed: the UNCLE code for

calculation in the R-Z plane and the HEXLAX code for the R-0 plane.

As reactor loadings have become more varied, there has been an increased
need for performing flux calculations in three-space dimensions. This report

deseribes a code, 3D-HEXLAX, that has been developed to meet this need.

DISCUSSION
Theory
The requirement is to solve the neutron diffusion equation V2¢ + B2¢ = 0
in both two- and three-space dimenslons. Only right cylindrical reactors
wilth elther circular or hexagonal cross sectlons will be considered. If the
reactor ls infinite in the dilrection of its axis, then the equatlon becomes

two-dimensionsal; otherwise 1t 1s a three-dimensional problem.

The solution to the diffusion equation 1s obtained by relaxation over a
network of grld polnts. A finite reactor with hexagonal cross section is
agssumed. If the reactor has a circular cross sectlon, then it 1s approximated
by truncating the hexagon at its vertices. A number of grid points, N, is
chosen for an edge of the hexagon whosge length is Ll' A nizwork is then lald

over the hexagonal cross section with a grid spacing 61 = E—E. If N 1s 2,

the grid is

o



If N is greater than 2, then all interior points of the grid have six
points adjacent to them as point P does above.

/a0 aNe

/)

All interior points {(inside dotted line) have six close neighbors. The cen-
tral point and its adjacent neighbors are labeled as follows:
S .
5e o] o2
38

6
v s, may be approximated in the plane by £ 2.6 - 66 |,
J 362 \x=1 K J
The reactor can be subdlvided into L-1 horizontal slices by defining L
uniformly spaced planes normal to the axis of the reactor where the first and
Lth planes are the planes of the bottom and teop of the reactor, respectively.
Vgrticg% spacling between planes 52 = E%%%EE. In the vertical dimension,
¢

= 1_ - .
v 7 and this is approximated by 53 (¢1+l + ooy g 2¢1J)

¢iJ is the reference flux at level 1 and point J
Since the reactor considered is a right cylinder, then the spproximation

in three dimensions for V2¢ is

iJ
6
2 = 2 -— l -
va:iJ 53% kz=;1¢ik 6¢1J +_6§ ¢1+1+°1_1 Nid (1)

Then substituting the expression for V2¢1J into the diffuslon equatlon and
solving for ®ij yield

6
2 3.2
2 & %t 5% (“’1+1,J * °1-1,3) -
o, , = —— 2
1] 2 2 3,20 2
662 + 361 876 BiJ



where

¢ = neutrons/bmz/sec
2 -2
B = buckling, cm

After each iteration the flux 18 normalized so that the average flux in
the central reglon of the reactor is approximately 100, The normalization
factor, R, is

1OONi + BON
Ra-...—.—.—-—¢———...2.
1,4

where
N1 = number of Iinterior grid points

Np = number of peripheral grid points

To speed convergence the difference In flux bhetween successive lterations 1s

extrapolated by a factor Y.

With this extrapolation and with the renormalization factor, the flux

equation 1s

2
o =me 412 [’1,,14 P thint R(‘i,,jﬂ
13 13

2 2 2f2 2\
662 + 361 - 28 62(§ + AR )

where

R = renormalization factor
v = extrapolation factor for the flux
J1, J2, J3, and J4 = indleces in the plane as shown below

ABQ = buckling that must be added to each grid point to
achleve eriticality

J2 Jx
J=1e L] o J+1
73 T

This 1s the expression which 1s used in the code for the three-dimensional

solution,



For two-dlmenslonal problems, the expresslon reduces to

6 - 3R + 7)) 3

J

] + b o+ @ 4+ R{% +‘¢ + ¢
o =R¢;j + ,[3-1 J1 J2 (,j+1 J4 gs)-l -~ Ro (4)
2°1

In the iteration procedure, an extrapolation 1s made on the change in

buckling, ABQ, to speed convergence to critical,

The mesh size has been limited_to a maximum of 817 points in the R-8
plane and a maximum of 16 horizontal levels, or a total of 13,072 points.
Since each polnt has a flux and buckling value assoclated with 1t, this '1s
the meximum number of polnts that can be handled by the 32,000-word core
storage in the IBM 704 computer.

Computer Code

Input for a problem is supplied on cards. At the outset the program
requires a control card which identifies the type of problem to be run and

the input to expect.

The code sets the lnitlal flux to be flat. 1In practice, this appears to

be almost as good as any for the flrst approximation.

The code requires that buckling be supplied for each level at which the
buckling 1s unique., The buckling for eachlunique level is supplled in part
only. Buekling values are supplied for a ple-shaped sector of the hexagon
and then these values are used in the other five gectors. If the desired
buckling map 1s not symmetriec, then only those nonsymmetric values need to be
supplied additionally in the input.

The resultant buckiing map 1s then placed succesgively in horizontal
planes above this plane up to, but not Including the next plane which has a
distinet buckling map.

For sequential problems, it 1s possible to change Individual buckling
values at any grid polnt at any level. In the case where a symmetric buckling
map has been leoaded but varlations to this map are required then these changes

may be accomplished 1n the same manner.



After the buckling is loaded, the flux values are computed for all of
the interior grid points using Equation (3) or (4) for three- or two-
dimensicnal problems. The ¢alculation progresses over the grid by row-order

(left to right) for each level, proceeding upward from level 2.

The buckling 1s adjusted by varylng ABE until the flux converges within
prescribed limits. The results are then written on magnetlc tape for printing.

Use of the Code

The program allows N, the number of points along an edge of the reference
hexagon, to be as great as 17, and the number of vertical grid points, NLVL,

must not exceed 16.

Results mey be obtalned for reactors with either hexagonal or clrcular
cross sections. Appendix A gives in detall the manner in which data are

prepared.

Computation time for problemsg on the IBM 704 depénds on the number of
lterations required for convergence. The number cof lterations required for
convergence depends on the value of ¥, the flux extrapoclation factor, and on
XTRAP, the extrapolation factor on the buckling. It takes about 5 hours for
220 iteratlons when N is 17 and NLVL 1s 16. Experience indicates that vy = 1.2
and #00 < XTRAP < 700 glve good convergence over. a wide range of problems.

Computation times on an IBM 704 are shown in the following table., The
required time varied from 43 to 255 minutes as N varied from 9 to 17, while the
number of horizontal levels was 16. These results show that computation timeg

in minutes are glven by
(number of iterations)(number of non-zero flux points){l.l x 107%}

Problem 1 Problem 2 Problem 3

N Q9 13 17
NLVL 16 16 16

Y 1.2 l.2 l.2
XTRAP 700 TOO 500
No. of grid points 3472 T504 13072
No., of non-zero flux points 2366 5558 10004
No., of iterations 150 161 228
Time, minutes 43 102 255




APPENDIX A - Input Data
The following input is required. For convenience the mnemonics used con

the Input data form will be used to designate that data,

N Number of grid polnts along an edge of the gross hexagon,

This number may not exceed 17.

NLVL Number of grid points in the vertical direction.
This number may not exceed 16. (NLVL = 3 for a

two-dimensional problen)

Y Horizontal grid spacing In cm, !
o2 Vertical grid spacing in cm.
CONV Average absolute deviation allowed per grid point

between successive iterations.

Y Extrapolation factor for the flux,

IDENT Six character alphameric identifications,
CODE Two-diglt code indicating the type of problem to be run.

Twelve types are allowed and are ldentified below, A refined
grid is one which ig used to appréximate a clrcular cross
section by truncating the corners'of the hexagon, A refined
grid can be utilized when the number of grid poilnts along an
edge of the gross grid is 6, 9, or 17. A groes grid refers to
the grid of hexagonal cross section. Types 1 through 6

refers tc three-dimensional problems.

Code = 1. Refined grid. Normal buckling with no
buckling changes.

2. Refined grid. Normal buckling load plus
buckling changes.

3. Refined grid., No normal buckling load.
Buckling changes only.

4, Gross gridé, Yormal buckling load with no
buckling changes.

5. Grogs grid. Normal buckling load plus
buckling changes.

6. Gross grid. Buckling changes only,

- 10 -




XTRAP

NORM

NSET

Types 7 through 12 refer to two-dimensiohal problems.

Code = 7. Refined grid. Normal buckling load. No changes.
8. Refined grid. Normal buckling load with changes.
9, Refined grid. Buckling changes‘only.
10. Gross grid. Normal bucklﬁng load. No changes.
11. Gross grid. Normal buckqing load with changes.
12, Gross grid. Buckling chﬂnges only.

Extrapolation factor on the buckling adqed to each grld point
!

to speed convergence.

Number to which flux will be normalized lafter convergence

and before printout.

The number of levels at which unigue buckling maps are

introduced plus one.

Input date cards will be described by type.

Card Type 1.

Card Type 2.

Card Type 3.

Cne card of thls type is required. Data appearing on this
card have all been previously described. Decimal locations

are indicated for 61, 8 CONV, and 7,

23
This type card is required only if a normal buckling map is
submitted. None is submltted if only buckling changes are

supplied.

The number appearing on the card is the number of entries on
the succeeding card (type 3). This is the number of levels
at which there is & unique buckling map supplied plus one.

This type card is likewlse required only if a normal
buckling map is submitted.

The numbers appearing on the card are the vertical grid
numbers at which a new buckling map appears. The filrst
entry is always 02; the last entry 1s always NLVL. No
intermediate numbers are required but if the buckling is

not uniform vertically, then each level at which a new map

- 1] -



CARD TYPE

s € FOR COMMENT

Identification

]

ATy FORTRAN STATEMENT
' slelr  ® 1 » 28 x 38 o u " 3 « M »
~ I ' L 181, 1 L 1 1 1 \ L
a [ i} CONV T S k g
Nj= 1]1,.2 P! ¥ DENT. 1© A 1 I 1 1 1 X I
1 |03 )08 1/20 0 ISBDOO.OIO'IZIDDPY%ESOI |7°D lUID N | . L N . L
1 .I L 1 1 1 A L A1 Lt 1 'l k
N3BT L 1 ] 1 1 'y 1 1 X I L A ]
apz L L L s 1 L L L L L L ) N
[.Em 1 1 i 1 & L A 2. 1 'l
3 b2 Mel617]|8}9[10]11112 13 1 L 1 L L L : 1
bo |08 f ! 1 i ! M L P M !
1 I2 i I 1 2I 1 1 1 i L
0 0 0 0 O 5 5000 At A0 DO
R
1 1 1 1 t a 1 } 1 L . 1,
T L n : ; L " T L I " T N
| | L | H { 1
1 T N N n 1 re) rus | — ' | | n
L L 1 1 L 1 I k 1 L L 1 N
| 1 1 H 1 | 1 )
1 TP 1 dt | | | Legl E r A i " | ra 3 i
' 1 1 I ' 1 ] 1 ] 1 ‘l 'l 1
| 1 1 || 1 1 1 M | 1
1 N P o I ™) I AR T I ru | N
' i 1 1 1 N i |'_ 1 1 1 L
1 1 My n 1 Y 1 1: I i 3 .
1 ) N N 1 4 N L i 1 A )
T
Identificatlen
'—CIMCWT 7 *
vy FORTRAN STATEMENT
1 5lal7 W 3 k) 23 30 35 40 43| 5] £2] 43 L]
2 = -_ L
11 2 1 1 L Iy 1 ' 1 1 +~—t L 1
19 L L L 1 : T L 1 L L L
300 S0p 500 500 , 500 5t 500 300 | N 4 | N
500 SDIQ 5p0 ,500 LA 500, 5IJI0 500 L L . . N
T 300 500 g0 ;500 L 550 500, N N N 1 1 N N
500 500 g0 500 , 300 N f L 1 N ! N N
sqn so!o sloo Isnu 1 L I 1 1 1. L 1 1 1
4,500 389 5p0 . . . . . . . . . . .
3 soo soiu I 1L 1 1 1 1 Y 1 1 1 N o
g 500 1 1 1 i 1 Iy 1 1 1 i 1 1 1
1 500 L 1 L 1 A 1 : 1 1 ' s L 1
L - ¢ N L )\ —y . 4
el B Talalx]l 2 Talsled 22 Balslel 82 lalilie] & 1]k B
1 L} L [l i 1 n 1 ]
1 I L H 'y lI 1 1 1
I 1 : i ; 1 1 L 1
1 Fl i 1 4 4 1. L 1
1 1 1 1 ) AL 1l ) L.
1 1 L L 1 1 I L
L 1 L } i 1 1 ]
. . . N " L : s 1
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Card Type 4.

Card Type 5.

is to be introduced must be listed in: order between these

two entries,

Since NLVL = 3 for a two-dimensional problem, thls card will
contain two numbers only, namely 02 and 03, The reason that
two-dimensional problems are treated in this fashion is that
the buckling 1s loaded as though 1t were a three-dimensional

problem,

If a gsymmetric buckling map 1s to be loaded, then N cards
must be supplied for each level at which a new symmetric
buckling map 1s to be loaded. Buckling must be supplied for
the gross grid regardless of whether the grid is gross or
refined. To prepare the required N cards, choose row N as

your beginning row. This row will have N-1 entries.

To 1lllustrate, let N be 5. Choose a sector of the hexagon
as indicated below, where the buckling values are indicated

above the grid points,

Buckling values are entered on the input sheet starting with
row 5. It will have four entries each egqual to 500.0. Row U
wlll have three entries each equal t¢ 250.0, Row 3 wlll have
two entries of 100,0, Both row 2 and row 1 will have one

entry equal tec 100.0,

This type is required only if modificatlons to the symmetric
buckling map or to the buckling map of the precedling problem

- 13 -



is requlred. Speciflic buckling changes are loaded six per

card. Each change 1s designated as follows:

e
[}

level number. Bage of reactor is level one.

row number. See dlagram below,

[ =Y
"

k = index within row.
-6 -2
B = buckling value which is to be inserted, 10 ~ cm - .
k=1 k=2 k=3

R =1

ow 1 u31'k=.2'5;3'k34 !_2

Rows k31 kg2Ukg3kgalgs (o7

ow k=1 k=2® k=3 k=4 =

Rew 4 1" k=2 k=3 =4

Row .5 . b4 . i=5

It should be noted that row 1 1s the boundary row where the
flux is held to zero. Also, the index within a row, k, is
always determined with respect to the gross grid.

Buckling changes are terminated by entering on the last card

of type 5, 1 = J = k = 99 for the last buckling entry.

Sample Output

The output for s sample problem ls shown on the following pages for a
reactor lattice with eight horizontal levels and the radial grid defined by

nine points along the edge of the gross hexagon.

- 14 -




APPENDIX B - Somple Probiem

PROBLEM IS DP1965 TYPE= 1
N= 9 NLVL= 8 DELTALl= [12.00 DELTA2= 30.00
FLUX 15 NORMALIZED YO 100.

HEXLAX FLUX
BUCKLING ADDED= 512.46
5 T« 8. 8. T. 5.
5. 9. 13, 15. 16. 13. 13. 9. 5.
7. 13. 18. 21. 23. 23. 21. 18. 13. 7.
8., 15, 21. 26. 29. 30, 29. 26. 21l. 15. 8.
Bo 16 23. 29. 34. 36. 36. 34. 29. 23. 16. 8.
7. 15. 23, 30, 36, 40. 41l. 40. 36, 30. 23. 15. 7.
5« 13+ 2l. 29. 36, %1, 43. 43. 4l. 36. 29. 21. 13. 5.
9. 18, 26. 34, 40, 43, 45, 43, 40, 34, 26, 1B. 9,
5. 13. 21- 29- 36- 41- ‘3- “3. kl- 36- 29‘ 21. 13. 50
7. 15. 23. 30. 36, 40, 41. 40. 36. 30. 23. 15. 7.
8. 16, 23. 29. 34. 36. 36. 34. 29. 23. 16. B.
8. 15. 21, 26. 29. 30. 29. 26. 21. 15. 8,
Te 13. 18« 21. 23. 23. 21. 18. 13. 7.
5. 9. 13. 15. 16..15. 3. 2. 5.
5. 7. a. 8. 1. S.

CONVERGENCE CRIT = ,0010 EXTRAPOLATION = 1.20 B 5Q. EXTRAP= 700,

PROBLEM RO. DP1965 LEVEL NO. 2

HEXLAX FLUX
NO. OF ITER.= 101
BUCKLING ADDED= 512.46
9. 13. l4. 14. 13. 9.
9. 17. Z‘n 21. 29. 27. 241 17. 9.
13. 24. 32, 39. 42. 42. 39. 32. 24%. 13.
14. 27+ 39. 47. 53. 55. 53, 47. 39. 27. 14,
14. 29. 42. 53. 61. 65. 65. 61. 53. 42. 29. l4.
13. 27. 42. 53. 65. Tl. 73. Ti. 65. 55. 42. 27. 13.
9., 24. 39, 53, 65. 73. 78, TB. T3. 65. 53. 39, 24. 9.
1T. 32. 47. 61. 71. 78. BO. T8. Tl. 61. &7. 32. 17.
9. 2“. 39. 530 65. 73. ?8- TB. 73c 65. 530 390 24@ 9.
13, 27. 42. 55. 65. T1,. 73. Tl. 65. 55, 42. 27. 13.
1. 29, 42. 53. b6l. 65. 65. 61s 53. 42. 29. l4.
14, 27. 39, 4T. 53, 55. 53, 47. 39. 27. 14,
13, 24. 32. 39. 42. 42. 39. 32. 24. 13.
9. 17. 24. 27. 29, 27, 24. 17. 9.
9. 13. l4. l4. 13. 9.

CONVERGENCE CRIT = .0010 EXTRAPOLATION = 1,20 B 5Q. EXTRAP= T00.
PROBLEM NO. DP1965 LEVEL NO. 3

- 15 -



HEXLAX FLUX
ND. OF I1TER.= 101
BUCKLING ADDED= 512.46

CONVERGENCE CRIT = ,0010

11. 16, 18, 18. 16. 1l.
11. 21+ 29. 34. 36. 34. 29. 21. 11l.
16« 29. 40. 48, 52, 52, 48. 40. 29. 16.
18. 34, 48, 59. 66. 68. 66. 59. 48, 34. 18,
18. 36. 52. 66. T6. 81, Bl. 76. 66. 52. 36. 18.

16. 34. 52. 68. 8l. 89. 92. 89. Bl. 68. 52. 24. 16.
1. 29, 48. 66. 8l. 92, 97. 97. 92. Bl. 66. 4B. 29. 1ll.
21. 40. 59. 76. B9. 97.100. 97. 89. T6. 59. 40. 21.
11. 29. 48. 66. Bl. 92. 97. 97, 92. Bl. 66. 48. 29. 1ll.
16. 34. 52, 68. Bl. 89. 92. 89. 8l. 68. 52. 34. l6.
18. 36- 52‘ 660 76. 81. 81. 76. 66' 52. 36. 18.

18. 3%4. 48. 59. 66. 68B. 66, 59. 48. 34. 18.

16. 29. 40. 48, 52. 52, 48. 40. 29. 6.

11. 21. 29. !34. 36. 34. 29, 21. li.

11. 16. 18. 18. 16. 11.

EXTRAPOLATION = 1,20 B 5Q¢. EXTRAP= T00.

PROBLEM ND. DP1965 LEVEL ND. 4

HEXLAX FLUX
NO. OF ITER.= 101
BUCKLING ADDED= 512.46

CONVERGENCE CRIT = ,0010

11. 16. 18. 18. 16. 11.
il. 21. 29. 34, 36. 34. 29. 21. 11.
16. 29. 40. 48. 52. 52. 48. 40. 29. 16.
18. 364. 4B. 59. 66. 6B. 66. 59. 4B. 34. 18.
18, 36. 52. 66. 76. 81, Bl. Tb. 66. 52. 36. 18.

16. 34. 52. 68, 8l. 89. 92. 89, 81, 68. 52. 34. 16.
11. 29. 48, 66. 8l. 92, 97, 97. 92. 8l. 66. 48, 29. 1l1.
21. 40. 59. T6. 89%. 97.100. 97. 89. 76. 59. 40. 21.
11. 29. 4B, 66. Bl. 92. 97, 97. 92. 8l. 66. 4B. 29. ll.
16. 34, 52. 68. Bl. .89. 92, 89. Bl. 68. 52. 34. 16.
18. 36. 52. 66. The Bl. Bl. T6. 65, 52+ 36. 18,

18. 34. 48, 59. 6. b8, b6. 59. 48. 34. 18.

16. 29. 40. 48. 52. 52. 48. 40. 29. 16.

11 21e 29. 34. 36e 34. 29. 21. 11,

1l. 16. 18. 18. 16. 11.

EXTRAPOLATION = 1.20 B 5Q. EXTRAP= 700Q.

PROBLEM NO. DP1965 LEVEL NO. 5
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HEXLAX FLUX

BUCKLING ADDED= 512,46
9. 13. l4. l4. 13. 9.

9. 17. 24. 27. 29, 27. 24. 1T. 9.
13, 24, 32. 3%9. 42. 42. 39. 32. 24. 13.
4. 27. 39. 47. 53, 55. 53. 47. 39, 27. 14.
14, 29. 42. 53. 61. 65. 65. 61. 53. 42. 29. l4.
13. 27, 42. 55. 65. 71. 73. Tl. 65. 55. 42. 27. 13,
9. 2%, 39, 53, 65, T3. 78, 78‘. T3, 654 53. 39, 24. 9.
17. 32. 47. 61. 71. 78. 80, 78. T1. 61. 47, 32. 17.
9. 24. 39. 53. 65. 73. 78, 78. 73. 65. 53. 39. 24. 9.
13, 27, 42. 55. 65. T1. 73. 71, 65. 55. 42. 27. 13.
14. 29. 42, 53, 61. 65. 65 61, 53. 42. 29, 14.
4. 27. 39. 47. 53, 55. 53. 47. 39. 27, l4.
13. 24. 32. 39. 42. 41. 39. 32. 24. 13.

9. 17. 244 2T+ 29. RTe 24. 17. 9.
9. 13. 14. 1 T 13. 9.

CONVERGENCE CRIT = .0010 EXTRAPGLATION = 1.20 B SQ. EXTRAP= 700.

PROBLEM NOD., DP1965 : LEVEL NO.: 6

HEXLAX FLUX
ND. OF ITER.= 101

BUCKLING ADDED= 512.46
5- 7‘ 8‘ a. 7. 5.

5. 9. 13. 15. 16. 15. 13. 9. 5,
T. 13. 18, 21. 23. 23, 21, 18. 3. T.
8. 15. 21. 26. 29. 30. 29. 26. 21. 15. 8.
8. 16. 23. 29. 34, 36. 36. 34. 29. 23. 16. B.

7. 15. 23. 30. 36. 40. 41l. 40. 36. 30. 23. 15. 7.
5¢ 134 214 29. 36, 41, 43, 43. 41, 36. 29. 21. 13. 5.
F. 18. 26. 34. 40. 43. 44. 43. &0, 34, 26. 18B. 9.
5. 13. 21. 29. 36. 41l. 43. 43. 4l. 36. 29. 21. 13. 5.
T« 15 23+ 30+ 36. 40. 41. 40. 36. 30. 23. 15. 7.
B. 16. 23. 29, 34. 36. 36. 34. 29. 23. l6. 8.

8. 15. 21. 26. 29. 30. 29. 26+ 21. 15. 8.

T« 13, 18, 21. 23. 23. 21. 18. 13. 7.

5. 9. 13. 15. 16. 15. 13. 9. 5.

5' 7- 8. a. T. 5-

CONVERGENCE CRIT = .0010 EXTRAPOLATION = 1.20 B SQ. EXTRAP= 700.

PRUBLEM NQO. OP1365 LEVEL ND. 7
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HEXLAX B SQD
NO. OF ITER.= 101
BUCKLING ADDED= 512.46
: 500.500.500.500.500.500.
500.500.500,.,500,500.500.500.500.,500,
500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500,500,500,500,500.500.500.
500.500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500,500.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500,500.500,500.500.500.500.
500.500.500.500.500.500.500.5004500.500.500.500.,500.500.
500.500.500.500.500.500.500,500.500.,500.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.,500.500.500,500.500.500.
500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500. "
500.50q.500.500.500.500.

CONVERGENCE CRIYT = .0C10 EXTRAPGLATION = 1.20 B 5Q. EXTRAP= 700.

PROBLEM NO. DP1965 LEVEL NO. 2

HEXLAX B 3QD
NO. OF ITER.= 101
BUCKLING ADDED= 512.46
500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.
500.500.,500.500.500.500.500.500.500,500.500,500.
500.500.500.500.500.500,500.500.500.500,500.500.500.
500.500.500.500.500.500.500.5004500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500,500.500.500.500.500.500.
500.500.500.500,500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500,500.500,500.500.500.500.
500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.,500.500.500.
500.500.500.500.500.500.

CONVERGENCE CRIT = ,0010 EXTRAPOLATION = 1.20 B SQ. EXTRAP= 700.

PROBLEM NO. DP19565 LEVEL NO. 3
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HEXLAX B sSQD
NO. OF ITER.= 101

BUCKLING ADDED= 512.46
500.500.500.500.500.500.

! 500.500.500.500.500.500.500.500,500.
500.500.500.500.500,500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.
500.,500.,500.500.500.500.500.500,500.500.500.500,
500.500.500.500.500.500.500.500.500.500,500.500.500.
500.500.500.500.500,500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500,.500.500.500.500.500.
500.500.500.500.500,500.500.500.500.500.500.500.500.500.
500-500.500-500.500.500.500.300.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.

CONVERGENCE CRIT = .0010 EXTRAPOLATION = 1.20 B $SQ. EXTRAP= T00.
PROBLEM NQ. DP1965 LEVEL NO. 4

HEXLAX B 3QD
NO. OF ITER.= 101
BUCKLING ADDED= 512.46
500.500,500.500.500.500.
500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500,500.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500,.500.500.500.500.500.500.500.500.
500.500.500.500.500.500,500.500.500,500.500.500.500.
500.500.500.500.500,500.500.500,.500.500.500,500,500.500.
500.500.500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.,500.500.500.500,500.500.500.
500.500.500.500.500.500.500.500.500.500.500.
500.500.500,500,500.500.500,.500.500,500.
$00.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.

CONVERGENCE CRIT = .0010 EXTRAPOLATION = 1.20 B SQ. EXTRAP= T00.

PROBLEM NO. DP1965 LEVEL ND. 5

- 19 -



HEXLLAX B SQD
NO. OF ITER.= 101

BUCKLING ADDED= 512,46
500.500.500.500.500.500.

500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.500.500.
500.5004500,500.500.500.500.500.,500.500.500,.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500,500,.500.500.500.500.500.500.
500.500.500.500.5004500.500.500,500,500,500.500.
$00.500.500.500.500,500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500,500.500.500,500.
500.500,500.500,500.500.

CONVERGENCE CRIT = ,0010 EXTRAPOLATION = 1.20 B SQ. EXTRAP= 700.

PROBLEM ND. DP1965 LEVEL NO. &

HEXLAX B8 5QD
NO. OF [TER.= 101
BUCKLING ADDED= 512,46
500.500.500.500.,500.500.

500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500,
500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500..500.,500,500.500.500.500.500.
500.500.500.500.500.500.500.500.500.500.500.500.500.
500.500,500.500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500.5004500.500.500.500.500.500.500,
500.500.500.500.500.500.500.500.500.500.500.500.500.500.
500.500.500.500.500+500450045004500.500.500.500.500.
500.500.500.500.500..500.500.500.500.500.500.500.
500.500.500.500.500,500.500.500.500.500.500,
500450045004500.5004500.50045004500,500,
500.500.500.500.500.500.500.500.500.
500.500.500.500.500.500.

CONVERGENCE CRIT = ,0010 EXTRAPOLATION = 1.20 B $Q. EXTRAP= 700.
PROBLEM NO. DPL1965 LEVEL NO. 7

w 20 w




J C ENGLISH MAIN PROGRAM

APPENDIX C - FORTRAN Source Code

3 DIMENSION HEXLAX

G
c
DIMENSION

ZH I By
DN H >
2ol AT
[P TN S T
ZZOOXU.O

LV OLLLQQLOULOO

DX2(33), IMPLL6),
NDX1 AND NDX2

NBRyXTRAP yFNRM
12)
s 8HDELTAL= ,F64296X,8HDELTAZ

4.0,£3.0}
TO F4.0)

+ PROB
CASE TO BEF RUN IS FOR GRDSS GRID.

(24212+8,8,8,2:+2+2,848,8),NBR

{23H FLUX IS NORMALIZED
DLT VECTOR TC ZEROD.

DETERMINE RANGES CF INDICES FCR ROWS OF HEX
=2
=N-1

CALL EFM
2 KEND=N

GO 70

N2

12 REWINDG 5
N1

END

N O
- z
=l 0 L)
NZZ=5m
MW
s gy gy, [ s
NEZw X+
O e LI
N E
ZM RN
QWO
QZzZZZ

QW i QD=
QomZZ22ZE

- 21 -
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wr
&
-7
b=
uJ
xI
[
.
w o
— L]
-4
] 4]
x
w o
~ W e
>
L =
m =z
L
o 20
o — 0 o
-t o
= o =
o (&1 4 -
I [ = Ser —
o)) ”
=T =z -
Z2 —t
= =) o
A L fas] -
- —t
[0 sl e o
w (w)-"3 -
b [EW] L)
o ~ -
) . -
'8 = &
W -
oy w 177w — = -
ot T » pmd L o~ b=
—~—— ——— —— - Wl Il - W
bt e T Q [TIT8] . - " %43
I S e —a oz [« ] - pd
[l = Ta R ] =} bt LA - -
e EZ < < + o~ -
0O+ [A] > [ 4 - [}
ZE -~ T [Fal131] -1 Qe — Laud
+F oM ey . [ land == (=] > —_ O . o~ -
— TE et > Wyt = =} o Z Dt M o~ > = —~
Tt e FOTE pus IV | [an] Ny et O W = s W - 1 2 2T M =
——— i) e K wdb O =z = we Z v w -0 w Z m RO e e x
—Oy M N w . - Z - o~ O~ i - » 2z e - * e IF e et
X DO x| - O L o ™N ¥ O OO et . TS - o Lon i AU T B oY J6. ¥4 o N [ |
0O ZZF OO0OFZe W—OR ~ N om0 e Wemne O ~e & * ¢ ZO — el ZO L g for = ] =™ ot
ZZ NN ZZ& | NI s—~ | YO YN D o OO O n ZtN~+ o 0 [t Sl TS DU R N
N e A Z O ) o O | N 3 Mo B R e N Y e TR W 2 OONNZ40D o ORI |-
=N ek O L N e > LN -0 0O 0O D~ It ¥ -~ Z L b} ] OND v NNe{UE 4 |
b | ZF ZZM IT~l) d e (N N>X}Z OO0Z | ZNM N & Myl M- & ol E = A e D =N~ 2
v (N s atnee (| ZZ N> F O QW ~AF O ) N=WUZE O™ ] O+0QiZTD O = 2 O ol joo ) qZN) N~
SOFZ AN SN et e )] e N eZ e Hl =Z0 N 0 NETD es e [ mNZEO s e - O A=l XD = QOX |~
HKHUANK XXOd = —AZ O ] - I Z X (U Raalen ] -z 1 1F Tt - ZF g ZOZ0ZT T Aoy Xl e
COMOO OQkk ZOww— Z Q QwZiw N Qe XOW O0NMser e W OZmillees Ow O JWwW ik IWZ0W O WHO=000x
ZZZZ2ZT ZZZZ =000 T 0O OQZ0 ZZ 0OZ9 =Za OF200 00 ¥ ozZzZT00 OO0 O gy SZ0000unr O b J0Z2E
[« N o~ X o~ M - r~ -
—t ~NooNy [=3 ~ o o o - o~y
el o = -t W

v O OO W (] | =) LW O 2 (IS | (] LW ouLo o O
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N E
[ oo
ZZ
H )~
N
bty
Z2Zd

Jo IsNXLyNX3)

- ZnNZH

D BUCKLING FROM REFERENCE SLICE TO OTHER SLICES.

—

+*

o

~

o e~

3 o~ T g

z +* Tt bt

» =z M e e -

m o % x o I i

— | e [ o e —r——

* Z11 - e (O 0 DD

—~ WZZ et  ODNNN++Z

—t —_O W e TN em——tCy

t | 4 Z 0N TR e O 2 e O

= ZOIM et Il 1 e O Ol e e | ool
Lot O MOVt ] SI0R b | e UVt b el bt el T et et
W Zee ZNRIN DI T it onom o oot ] ]
oZH RN ey OO 1] W ek wod et e 1} =0
QO el O el (] lrmd 0N L) T et e gt ol (0 g e
X ZZ Lo 24 00 G0 00 O A0 et bt vt s

[& 15 (&) 8]

-
X
z@
g el
——t
-
hV413]
- YR
1 e ey s g
—— -
=2 [ - b X NTa}
|1 e et R e
VO ot 2 20 b O et e

bl e A ) oy ek e o
Tk el gd 3 O LY e bt e £
LELR el 44

i LR U U T B L
ettt el CJEO ] e O L
e e g e e e el 2
™ ~
v -y
— ot

115 CONTINUE

f45343,4,30344939344493,3)4NBR
MAKE SPECIFIED CHANGES TO BUCKLING MAP.

To

e]¢]

i,6)

5{1‘"’2(1)1[""3(1}!1’([),1[

2Ye({MP2(I)=-N~1]

I}-1)e(2«N+IMP2{])-2}

LY et e St 22 (), T e ot

v o 0 It
L WL m=lL, NN
Ol D Z ZDZ

O u
(=} <
- -

- 23 -



O

I4P3(1)

N2/s2+
LeN2)=TLD)
TINUE

o 2
220

2
{
0
GO T0 3

N3=NLVL-1

CALL ITRN(N N3 +CELLsDELZyNDXL4NDX2,By0sREN)CONVGAM,ITER,DELB,
INBR 4 XTRAP}

FMAX=0.0

B RN [+ ]

1 N3

L

2
1,NT
—0(I43))16E,14,14
rd)

T ot ot
TEE O

2+N3
1,NTL
{1,JYuFCT

[
[w]Ve]

I
J
A
{
U
u
RM/FMAX
1
J
V]
% { {(NyN3,8;0,ITER,DELB,CNVR,GAM,PROB, NDX1,NDX2,NDLT,XTRAP,

ENG(2,0¢040,1)

3 DIMENSION HEXLAX J € ENGLISH ITERATION SUBROUTINE
SUBROUTINE ITRN(N:NB +DEL1yDEL2sNDX1,NDX24sB,0yREN:sLCONV,GAM, ITER,
1DELB,NBRyXTRAP)

OIMENSION NDX1{33),NDX2(33},B{15,817},0(17,817)

INITIALIZE IYERATION

ITER=0

R=1,0

Al=DEL2#DEL2

A2=1.5*DELLI#DELL

AJ=6,%Al+2.%A2

A4=A1*A24.000001

DELB=C.0

GO TO (9.9'909:939’3|3|3'3'3'3).NBR
3 AZ2=A2e.000001

+ -~
- em——
wXx X
M~ M
= s
o L]

e CQOLZL RZO N
P RN

10,10,1C4 1041014914914 914414,14),NBR

%
(ALR(O(L4J=1)14001,J1)+0(1,J2)+R# {011 J+1)+
+aze(Reciivsl,s1+0ti-1,001377a3-a4=(BE1-1,9

@
a
-
Q
T o RN I OeX

1G_DEL=GA
1001 ,J4)
20(I,J0)

J3+
LOELR) ke

-
——
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GQ TO 22

JER&(O(T 241 )+011,J43)4011,J41))/

SUM+0{I,J)

11 SuMm

12 N2=N2+1

GO TO (175174174074 17+17,18,18,18,18418,18):NBR

GC TC 23

JHR# (O[T J+ 134001, J3)1+0C1 14 J42) )/

=N1,JEND
GO TO (19:19,19,15,19,19,21,21,21,21,21+21} N8R

GO TO 24

JHRA(0O{14J+1)+0(T,J3 04011, J4)))/

15 CONTINUE
16 CONTINUE

- 25 -

/SUM .

DELB+XTRAP#{R-1.0}

ITER+L
[F{SUML-CONV)20,2C,9

=RE
ELB
TER



PRINT SUBROUTINE

B17),0(1LT7,8L7),NDLT{17),NSKP{22]),

ENGLISH

J C
{hNyN34B,0s ITER,DELB+CNVR, GAM,PROB,NDX1, NDX2Z2,NDLT,

EQUIVALENCE{X1,ML), (X2,M2)

CONVERGED.

3 DIMENSION HEXLAX
NOUT=10

nil o~
e
—~OE I
et e
b o b
EEFwW
(AN )

LR (8 L R [ ajeaf<af.al W}

I5 /16H BUCKLING ADDED

NDLTU{J=1)=NDLT(J}}

E NOQUTFMT, (0(I4J),yd=N1JEND)

i o

Ty s e

KEND=N=-2

XHUZH N
O3 N ] et 0
QOEOHZEE

E NOUTOFMT' IO(IQJ) 'JleIJEND)

Ny o
i o,

ol g O N LLE
et e
T b o o bt
EXES oy
TR TN

o
~

Lm0 O

}

12
UCKL ING ADDED

8

24Xy LOHEXTRAPOLATION = F4.2:4Xy

CNVR)GAM XTRAP
PRCB, I
- 26 -

EM NC.
»TO1,ITER,DELB

N
E OUTPUT TAPE NOUT

26 I=2,N3

D=
T

Do
KEN
WR1




TN
e
e NN
v
b b b
EZEx
L

LNy W W

N-~2

27 WRITE OUTPUT TAPE NOUT.FMT,(B(I-1,J},J=N1,JEND)
KEND

H g e 20, ganf e e
¥ ) | O

Q27w N
PZIR | >
NWZOZZ =

Y Zniun
0N et D=t
Q™2 ZEX

N1sJEND)

E NOUTFMTy(B{I-1+sJ}sJ

nupod

P e .

— et O AL
-ttt St
T b e o gt
EEXEY
ITRTRTINTIS.

o
o~

GO L

+CNVR o GAM, XTRAP
PROB,I

26 WRITE OUTPUT TAPE NOUT,521,
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