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AN ADAPTIVE WEIGHTED DIAMOND DIFFERENCING METHOD
FOR THREE-DIMENSIONAL, XYZ GEOMETRY

Raymond E. Alcouffe
Radiation Transport Group
Los Alamos National Laboratory

I. INTRODUCTION

About sixteen years ago, Bengt Carlson! introduced a method for discretizing
the neutral particle transport equation to achieve a positive solution while at the
same time retaining much of the accuracy of the diamond differencing method.
About six yecars later Russian researchers® applicd this work to their problems
and extended it sommewhat to enhance the flexibility of the method to incorporate
monotonic properties of the solution. This latter work came to the attention of U.S.
researchers in late 1991 where it verified much of Carlson's conclusions in theory
and in test problems. This method, called the adaptive weighted diamond (AWDD)
method, is based upon a weighted diamond discretization of the transport equation
with the weights chosen from a diamond difference prediction of the solution so as
to correct it for positively and monotonicity. This work reexamines the method
and extends it to three-dimensional XYZ geometry and demonstrates its potential
for solving such problems accurately while achieving a much smoother solution
than diamond with set-to-zero fixup and is as effective as the theta-weighted fixup
method? while theoretically and operationally more satisfying.

I. SKETCH OF THE ADAPTIVE WEIGHTED DIAMOND
METHOD AND ITS PROPERTIES

We begin with the diseretized, three-dimensional XYZ transport bhalance equation
written in tae forin
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(1)
F Vi = SV

where his the mesh size in the x, v, or 2 directions; e, g, and £ are the direction
cosines i each direetion, and the other symbols have their usual meaning,

To obtain a weighted dinmond equation, we nssine the following relationship
hetween the eell center and cell edge fluxes:



P, 4+ w,_y forp <0
(14 Py = S

,r'v',_._% + Pf""i—-k for £ >0
| Py‘/’j+§ + ;;'j_* for n <0
(1+ Py)'#’ =

\

‘*”j+é + Pyt,"J_% forn >0

P:¢‘k+* + U'k_& for E < 0
(1+ Py = i
¢'k+§+P=wk—§ for £ >0

where the weight, )

0<P,<1,0<P,<1,0<P.<1.

Combining Eqgs. (1) and (2), we find that the cell averaged flux in the octant
n<0,n<0,§<0is

SV + |ulhyh (1 + P )d:.._‘_é + |nlheh (1 + PyW‘H; + |€lhshy(1 + Py
v = ooV + ka1 + Po) + ik, h(1 + P,) + [€lhahy (1 + P%)

(3)

We now determine the weights such that a positive solution is obtained and
desired properties of monotonicity of solution are attained. To do this we consider
cach coordinate direction independently, and using the x direction as representative,
we rewrite Eq. (1) with assomptions of Eq. (2) as
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As afiest step, we solve Eq. (1) nsing dinmond differencing (P, - 1

e 0) with
the results

where



or rewriting

where

Thus U, is the diamond difference estimate of the logarithm derivative of the
flux while €, is a measure of the effective optical size of the cell which may be mnch
smaller than the physical optical depth ¢, and is a more appropriate measure of
the domain of applicability of the diamond method which infact we shall make use
of subsequently.

We now return to solving Eq. (4) using weighted diamond form and, after some
manipulation, we can write the cell exiting flux in the form

1= (2U; = V)P, |y, + (1 = PU)

F,a:

-4 T 1+ P, + ¢, ()
From Eq. (7) it is scen that
if U, <1 and Pr=1, then l/'-'—-b >0
1 (8)
if Uy >1 and P, = T'ZT——I then o, 4 > ()

Thus Eq. (8) gives the suflicient condition for a non-negative exiting flux; we see
that the weights depend upon the value of the logarithm derivative estimate 1x.
We wish now to inject the issue of monotonically of solution. We can show that vhe
solution to the analytic equation upor which Eq. (4) is based, has the propecty:*
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Thus for Visd — o5 > 0. we require Wiy~ 2z < 0 for monotonicity, which meuns
that P; U, may need to be adjusted from that implied by Eq. (8). To do this, we

definc two parameters Uy, and b, to extend Eq. (8).
Using these parameters, we prescribe

for b,U, <U, set P.=1

(11)
for b, U.>U,, set P, =

The prescription of Eq. (11) gives a smooth transition from the diamond to
weighted diamond and also allows flexibility in obtaining a monotonic solution by
adjusting PxUx more favorably as is motivated by Eq. (10). This is explored in
the example given in the next section.

III. EXAMPLE PROBLEM AND CONCLUSIONS

The example used for this paper is a simple iron water shielding problem based
upon that of Ref. 4. The problemn is cubic, 50 ecm x 50 cm x 50 ¢m, with symmetry
bonndary condition on the left bottom and front faces. This is a three group
problem solved in §-8 quadrature with a 10 x 10 x 10 cm source region in the
bottom-left front corner, surronnded witu 10 ¢m of iron in turn surrounded by 30
c of water, A 1 cm spatial mesh was used in all dipr~nsions. Flux profiles are
presented on selected x-y planes for the outside j levels in Fig. 1 and on the front
face in Fig. 2. These calculations are compared with diamond set-to-zero, theta
weighted diamond and the present AWDD with Uo = 1/2, and b = 2 for group 1
and b =1 for group 3. A further comparison curve in group 3 is for b = 2 which
shows some adverse cffect of being too vigorous with monotonicity. Briefly, it is
seen that the AWVDD method is successful in achieving a much smoother solution
while retaining accuracy. It achieves accuracy comparable with the theta-weighted
method in this case. In a typicul 3D eigenvalue problem whose k is 0.96236. theta
weighted gives 0.96193 whereas AWDD gives 0.96226. These and many other results
1lso point up to the fact that one must be carveful in the choice of the value of the
parameters Uo and b In the near future we intend to make their chojees less
crpirical and more based upon the needs of the solution 1self.
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