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Abstract

M.R. Wagner, D.A, Sargis and S.C. Cohen desceribe a method of solving
the three-dimensional neutron transport equation by using time~
saving difference equations. The discrete angular flux is computed
in 14 @irections. This paper shows how to use a set of 24 angular
directions identical with those proposed by B.G. Carlson and

K«D. Lathrop for Sh-calculations.

Zusammenfassung

s

M.R. Wagner, D.A, Sargis und S.C. Cohen beschreiben eine Methode zur
LSsung der dreidimensionalen Neutronen-Transportgleichung mit 14 dis-
kreten Winkelrichtungen, Wie in der vorliegenden Arbeit gezeigt
wird, ist es mdglich,diese Methode zu kombinieren mit einer diskreten
Winkelverteilung, wie sie von B.G. Carlson und K.D., Lathrop fir

eine §),~Rechnung (24 Richtungen) vorgeschlagen wurde.






Introduction

The long computing time of two=dimensional SN-programs leads
to the assumption that three-dimensional SN-programs working with
conventional difference equations are uneffective in time for present

day computers.,

M.Rs Wagner, D,A. Sargis and S.C., Cohen, therefore, proposed
2 method based on time-saving difference equations (/2 7, /3 7).

In connection with this method two problems arise:

1) The existence of only 14 discrete angular directions allows

the appearance of the well known Ray-Effect.

2) Six of the fourteen directions are parallel to the boundaries of
zones, In most cases the angular flux is not continuous (at
least in one derivative) for these directions; consequently
these directions are not favorable for a discrete numerical

integration.

Subsequently a method is deseribed using the difference equations
of ['2_7, 4-3_7. The set of angular directions is identical with
that of a conventional Sh-calculation with 24 directions, proposed

by B.G. Carlson and K.D. Lathrop in /71 7.

+ can be assumed tha%t by using these directions we have a method

being effective in computing time and accuracy of angular quadrature.

Zum Druck eingereicht am 26.7.71
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1, Difference Equations and Spatial Mesh

The transport equation
(1) QeVep + I *¢ =6 (S=source)
can be written as

(2) %%iﬁl + I, g(t) =8

if g(t) = ¢m+te) = o(#+ t9,E)
For constant S and Za we get g(t) = g(O)exP(-za. t) + S/za

It follows

(3) Wreten) = exp(=L +t)eo(w) + S/1,

We now consider a rectangular cubic mesh with the constant spacing
a. S and Za may be constant within a cube, The flux may be defined in
the following points: the central point Po of the cube, the central
points of the six cube sides, the eight corner points. The corner
points may be defined through P1,P2,...,P8 corresponding to the
arrangement of figure 1, and the central points of the sides may

be defined through Pijkl’ if Pi’Pj’PK’Pl are the corner points of

the sides.
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We now choose as discrete directions Qj the directions of the
straight lines which connect the corner points with one of the central

points of the three opposite sides. So we have, for instance,

8,8 P 7 Posgr
92 H P1 -+ P3h78
A A T

Let us now consider 91. Formula (3) enables us to compute the angular

flux of this direction by the following equations:

1
¢2367

1
exp(-Za-l)-¢1 + s/za

(k)
1
47

1
exp(-zasl)'¢1h58 + S/za

m - . . . . m .
where ¢ijke denotes the flux with direction Qm at the point Pijke‘ ¢q is

the flux in Pq and 1 means the length of the line P1P2367. The angular



flux in Po is obtained from
1_1 =1 1,1, 1
bo =% "Lba36r * 01 * 7 % dqysp.]
In the same way we have for 92:

2 .2
boy7s = (=T 1) 47 + S/

2 _ 1Yy es2
¢7 = exp(..za 1) ¢1256 + s/za

2 _1. 2 2, .2 .2

b STt L qu7e * 6y * 47+ a5 7

etec.

After computing all the angular dependent fluxes ¢g (3%152,000,424) we
get the total flux $° in P_ by
$ = ) w. ¢
°© 329 4 °

with suitable weights wj.



3. Weights and Directions

As a result of the distribution of the angular directions described
in chapter 2 we have 24 directions or 24 points on the unit sphere,
There are three points per octant and the set of points is invariant
under all 90=degree rotations around one axis. Thus, thq description of

one octant is sufficient to describe the arrangement of all points,

The direction Qj may have the coordinates (uj. Nes cj) with
2 2 2
.k, + =1

uJ J CJ

Figure 2 shows the directions of one octant as a function of their

coordinates (A= v/ 1/6)

91 92 Q3
U 2A A A
n A 2A A
g A A 2A

Figgre 2
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The geometrical arrangement on one octant is

§
I
! .
!
I

'
f

7

— e - — emm— o — — . —® m— . — el "

i gure 3



-7 -

shown in figure 3. The directions satisfy the regquirements given by
B.G. Carlson and K.D. Lathrop for suitable .«h-directions. They can

be calculated by formula (4) in /73 7,

The weights v for numerical integration must be identieal with

those contained in /-3 7. We, therefore, choose wj =w = 1/24 for all

J. Then we hgbe

0 (k odd)
1 24
] k k
(5) 5 [waw = § yows=
-1 =1 ’ — {k even)
+1 -

for k=0,1,2,3, For k=2 (5) is the well known "diffusion theory condition",

A code based on the theory described should be effective in computinge

time and accuracy of the angular integration,
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