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TABLE OF TRIM DISCRETE QUADRATURE PARAMETERS
FOR THIN BINARY SLAB CELLS

by

David Meneghetti

ABSTRACT

Discrete quadrature weights and angles for use indis=
crete ordinate methods of solutions for thin cells are tabulated
for a series of regional cell thicknesses of applicability.
Parameters are given for4,6,8,10,and 12 angle approxima-
tions. The quadrature assignments are based upon asimpli-
fied integral transport solution to the spatial average of the
angular distribution of uncollided flux, assuming flat sources.
The quadrature assignments are designated TRIM, for thin-
region integral method, and are most useful with thin cells
having either or both regions very thin in mean-free-path
units. The IBM-704 Fortran program used to compute the
parameters is described.

I. INTRODUCTION

It is generally necessary to use a high-order, discrete-ordinate
approximation, i.e., many discrete angles, in order to obtain sufficiently
accurate flux solutions for thin-slab cells. This is, for example, ob-
served in the calculation of heterogeneity effects in fast critical assem-
blies using the discrete Sy method (DSN)O(I) Analysis of the problem and
comparative calculations using single and double Gaussian quadratures
have also been reported.(2) Two additional gquadratures have subsequently
been suggested.(3 One is based upon a modification of the single Gaussian
quadrature. The other is based upon the angular distribution of uncollided
flux as obtained by integral transport theory. These are designated MSG,
for modified single Gaussian; and TRIM, for thin-region integral method.

Criteria for determining a priori the suitability of double
Gaussian (DG), MSG, or TRIM quadratures were also reporteda(3) Quadra-
ture choice depends upon the regional thicknesses in mean-free-path units
and upon the number of discrete angles to be employed. Whenever feasible,
DG or MSG quadratures are preferred, as the parameters are already avail-
’ able for the former and easily obtainable for the latter by transformation of
available single Gaussian parameters. The transformations are
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for the discrete angles and weights, respectively. For thin cells the MSG
is more favorable than DG, because the discrete angles are distributed with
relatively greater density in the region of small |IJ~| which is the region of
predominant anisotropy of the flux. It has been found for a binary cell hav-
ing regional thicknesses A and B, in mean-free-path units, DG or MSG is
suitable if there is at least one discrete angle

b AB
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among the N/tZ values of |u >\,| for that quadrature.(3) A TRIM quadrature
is otherwise suggested.

TRIM parameters must be specifically chosen for the particular
cell. In order to have a set of TRIM parameters readily available, the
present table has been prepared.

II. CONSTRUCTION OF TABLE

The concept, use, and accuracy of TRIM quadratures for thin binary
cells have been previously described.(3) The present table is based upon the
nonisotropic average angular distribution function(3)

gllu]) = (-9 - | | <1 -chlful) (1)

and its integral from ¢ = 0 to [u[ :
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The weights Ry (M=1,2 N/Z ) are assigned to be equal to the

intervals (A,L;L);,M = Mk-‘uk Whlch d1v1de y(1) into N/Z equal areas, i.e.,
-1
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where N is an even number denoting the total number of discrete angles. The
absolute values of the discrete angles, I;Z}\I , are then obtained from the
relation
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The IBM-704 Fortran program used to carry out the computation of
the Ry and Iﬁkl is given in the Appendix.

The o-range of the table is 0.005 = & =0.5 in increments sufficiently
small that use of parameters for the listed a-value nearest to AB/(A+B) will
generally suffice. The parameters are listed for approximation N = 4, 6, 8,
10, and 12.

III. USE OF TABLE

Consider the binary cell having A and B, the total regional thicknesses,
in units of total regional mean free paths. If there exists for DG or MSG
quadratures in the N-approximation decided upon, a lﬁminlg %(ﬁ-) )
then TRIM need not be used.

If TRIM is indicated, choose from among the listed N-approximations,
corresponding to the o nearest to (A‘A:_BB , an N-approximation which has a

minimum of at least one value of

- .1 (AB
l“xi< 2 (A+B)



APPENDIX

Description and Fortran Listing of IBM-704 Program:

RE-1421 TRIM QUADRATURE CONSTANTS FOR THIN CELILS

Data Input Card 1

Cards 2, 3, ...

Output

Contains the quantities A, ERR, EPS in
FORMAT (6E 12.4), where A is the quantity re-
ferred to as o in the text; ERR is a convergence-~
criterion parameter in the Em(x) subroutine,
CALLEONE; and EPS is the convergence cri-
terion on the equalities of Eqs. (3) and (4).

Each contains the integer quantity N=10 in
FORMAT (15). Here, Nis the number of positive
angles contained in the quadrature approximation
desired. Also, ERR =10"%and EPS = 10~ have
been found suitable for a50.005 and N=6. If
parameters for smaller a or large N should be
required, it may be necessary to assign different
ERR and EPS values.

Fortran library tape is to be on tape No. 1.

Overflow in.

On Line. The weights Rj,i=1,..., N, are
printed for the first N - value. The discrete
angles lﬁll ,i=1,..., N, are next printed, for

the same N-value, beginning with a new row.
Outputs corresponding to next N-value then
follow similarly.



TRIM QUADRAIURE PARANVETERS

{21 [ |3l 1iql 33 {Eel Ry Ry Ry R Re Ry
a ous
R oot | 09730
po0z3 | 00304 03473 pogss | DT | 093s
000240 | 001% 00586 | 04041 oo057 | o005 | 00T | o8
oool7 | o008 | oowe | o089 | 04arw goga | so7 | 0035 | 01028 | 08sl
gool | 000591 | ocles | owd | 01165 | 048z 060 | 00067 | ooled | 00414 | olles | 08159
@ 0075
00104 0243 oo | 0%
pooM4 | 0034 0 3626 golzs | 0wl | oo
000323 | 00I72 0UTT | 04193 sod | b3 | owos | oera
000240 | ooucs 00333 | 0092 | 046 oot52 | 0ul3t | 009 | 01092 | 08%6
goowl | ooora | ooes | o514 | o122 | 04w | oosde | ouwss | ool | 00458 | 01219 | 08006
a ool
00123 02952 30364 | 0%3%
0O05%9 | 00413 03740 00l | oG | 09144
goosr | oo porse | o048 oovor | oA | 00%3 | 08673
s00297 | 00129 9oL | 08l | 04740 00064 | 00181 | 0033 | OL3B | 08254
DOOP3% | 00093 | D03 | 00T | 0130 | 05043 | OOB%D | 00689 0025 | D042 | DIBS | 0786
a 0w
0 0183 0 3245 00505 | 09435
00054 | 00560 04084 90224 | 0u%d | 08916
I Y BO%E | 04607 oot | ool | 0099 | 08
goos9 | 0o1% D524 | 0133 | 0503 Juw3 | o021 | o4 | 012 | 97950
poz | pols 00309 | oursy | 0671 | 0sw6 | 008t | 0044 | oo | o057 | 018 | 07568
o e
00231 03437 Gog | 099
0012 0 0667 0 4287 B2 | 000 | 8876
000550 | 003 GG | 04wl 03182 | oo | clls2 | 0820
poo6a | 0028 DOS3 | 01502 | 057 palz | 005 | owsde | 017 | o7
p00523 | 00188 0043 | G2z | 012 | 055 | 006 | 00l | 0035 | 006% | 0l | 076
a 00
00272 05 BO93 69T
00149 04756 043% DO | 010% | 08631
50103 0 0424 p1222 | 0498 oe27 | o006 | 0143 | 080:4
povESs | 00293 borls | 0lem | 656 ool6l | oo | 00591 | 014 | 07593
0063 | 002 o049 | o100 005 | eserr | oI | ooxs | 0ow0 | ouete | 0143 | 07198
a 0
00308 03705 oo767 | 09233
0 0171 9083l 0451 007 | 01097 | 085%
00119 00476 Pl | 05080 oo | oosis | o1 | 07942
onooyl | 003 aarss | o185 | o547 oo | oo | om0 | DLOD | 07483
00030 | 0025 00556 | olow | o2 | oS | o008 | ooz | oes | oor0s | 01460 | 07060
a o0
00340 03807 00871 | 09168
6191 00897 0 4611 owl7 | ol | 0
00133 90523 01406 | 035158 goer7 | eos4 | 0139 | G730
00102 00363 G355 | o180 | 05561 G028 | 0039 | Uoe0 | ol | 97
o007 | 00284 G068 | 0166 | 0z31 | ossrs | GOl | 0030 | 0064 | omB | 01l | 06953
@ 00
00370 0389 po%9 | 09l
00210 00956 64700 o453 | o114 | 08
00147 0 0565 o8 | 0523 00303 | 008 | 0163 | 074
0013 90400 00913 | 019% | 05643 96220 | oow3 | 0069 | 053 | 07
0000 | 00310 voss | 013 | o2 | o5%3 | owmss | 0020 | o003 | oo | 0148 | 068
a 008
90397 03976 Do | 09ss
90227 01010 04778 oods6 | Dl | osem
00159 00603 o152 | 057 D38 | 00514 | 0132 | 07666
8012 £04% 0wes | o1 | 0513 pe2ar | 0035 | oolz | o3 | a7
0006 | 003 G067 | 0120 | 02408 | o002l | 00199 | 0027 | 005 | 0078 | 01512 | 06769
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TRI¥ QUADRATURE CONSTANTS FOR THIN CELLS
DIMENSIONAMUT TUIRITUISUBARITIG)
FORMAT{6ETZ2.4)

FORMATI(IS)

READ1: A ERRLEPS

READZ,N

PA=EXPF{-A)
CALLEONE{ASESUBM.ERR])
AINTM=0.52{1.0-PAY-0.52A2PRA+0.5=2A2A=ESUBNM
L=N-1

Do20M=1,1

U=J.5

UMIN=2, &

UMAX=1.2

XA=A7U

PXA=EXPF{-XA)
CALLEONE{XA,ESUBALERR)

EM=M

EN=N
YUs=EM/EN+{Us{1.0-PAY-0.53U=Us{ 1. 0-PXA)
X=055A%UsPA+ . 52AcAnESUBA) /AINTHM
IF{ABSF{YU)-EPS)TT1,11,12
AMU{MI=U

GOT026

IFLYUI 13,714,115

UMIN=U

Us {UMINSUMAX ) 72.0

GOTOS

STOP

UMAX=U

U= {UMAX+UMIN} /2.0

GOT05

CONTINUE

FORMAT{IPBEIU,.5)

AMUINI=T.0

R{VI=AMU{T)

R{N}=AMUIN)-AMUIL)
IF{L=2)26,21,21

DO22M=2,1

R{Mi=aMUIM)-aMU{M-1)
PRINT25,{R{1},1=1,N)

UBMIN=0.G

DO36I=1,N

UBMAX=AMU(I}
UR={UBMIN+UBMAX) /2.3

XB=A/U8

PXB=EXPF{~XR}

ZU==~T.0/7EN4RII) o {1 {~PA-UB= { 1. 0-PXB}I/AINTHM

IF{ABSFL{ZUI-EPS)30U,30,31
UBAR{I}=UB

UBMIN=AMU{TL)

GOT03¢6

IF{7UI3Y,43,352

UBMIN=UR

607029

STop

UBMAX=UR

GOT029

CONTINUE
PRINTZ5,{UBARI{I),I=1,40)
GOTO3

ENDI{GsTensels 2}
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