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

Raymond E. Alcoufi’e
Radiation lkansport Group

Los Alamos National Laboratory

I. INTRODUCTION

.About sixteen years ago, Bengt Carlsonl introduced a method for discretizing
the neutral particle transport equation to achieve a positive solution while at the
sm-ne time retaining much of the accuracy of the diamond differencing method,
About six years later Russian researchers applied this work to their problems
and rxtended it sotncwhat 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 Ctwlson’s conclusions in t henry
iin(l in tcst problems. This method, called the adaptive weighted diamond ( AWDD )
mcthofl, is based upcm a weighted dimnond discretizntion of the transport rqmatiou
with tlw wrights chosen from a diamond difference prcdict,ion of thr w}lllt,i(m .s0 us
to correct it, for posit,ivel y and Inonot onicit y, This work r~~xiulli]l(~s tlm 111(’t!]()(l
itIl(l cxt,rmls it to tilr(:e-(lilncllsionnl XYZ grometry nnd A=monstrntvs its Ix)tlmlt, i;ll
for solving sllch I)rol)h’lrls ncruratcly while rwhicving n nlIIch sIIN)t)tiwr solllt i[JI~
Illl:ul lliiMlloIlll with A-to-mm tixup nm(l is ,msdfrrtivr ,ns tlw tll(lt,:l-w(’igllt,(~(lIixlll)
Ill($t.l]od:]while throrrt)icnlly nll(l (q)(wntionnlly more satisfying.

11. SKETCII OF THE ADAPTIVE WEIGHTED DIAMOND
METHOD AND ITS PROPER.TIES

\VI’ I)(*gill fvit,ll tilt’ (Iiwrrtizml, t ilr(’(’-(lil[l(’llsiol];ll .SYZ tril.lls])od, I);llilllC(’ (vlll:ltif~l]
writt,(’11 ill tiw forln



where the weight,

Combining Eqs. (1) and (2), we find that the CC1laveraged flLIx ill the oct ant
p< O,q<O, ~<Ois

W’c now (Ietermine the weights such that n positive solution is obtnilw(l ~in(l
c!esircd proprrtim of monotoni:ity of solution are attained, To do this wc c(msi(h’r
v;wll Cofmlixlnte (lircctitl]l ill(l(’~)(’xl[l(’lltly,rm[l Ilsillg the x (Iirrct.ioll ii,!!r(>~)r(%(’llt:lt i~”f’.

w(1 rrwritr E(l. ( 1) with ;\:\lI1llptioIls of I?(I. (?) i~

wll(’r(’

fl:hr = f7(hr + 111+--(1 -t- r“) + +( 1 + f’:)
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or rewriting

where

(G)

Thus U= is the diamond difference estimate of the logarithm derivative of t lW

flLIx while e; is a meru~ure of the effective optical size of the cell which may be ml~ch
smaller than the physical optical depth Cr and is a more appropriate measure of
the domain of applicability of the diamond method which infact we shall make Ilse
of subsequently.

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

From Eq. (’i) it is swm that

(7)

(?4)

(!))
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t :\ ~(’ll{~l”,llixrll.i(~tl{J this lll~l)(mrs ill 111’I. :?, l). “i~?



(11)

The prescript ion (If Eq. (11) gives a smooth transition from the dian-lon(l r,,
~veightec! diamond and also ~allows flexibility in obtaining a monotonic sr)lllt,ioll I)Y

i](ljllstillg PXUX more favorably w is motivated l~y E(1. ( 10). This is cxplore~l iil

the example given in the next section.

111. EXAMPLE PROBLEM A*ND CONCLUSIONS

TIIV rx;tm,plc IIsed for this paper is a simple iron watrr shiel(ling problvln l~astv1
(Ipt)II that of Ref. 4, The problem is cubic, 50 cm x 60 cm x 50 cm. with sylnlnetry
l~(jlm[!ary condition on the letl bottom nnd front faces. ThifS is a t,hr~’r grolll~
l)xx)l~l(.’m solvc(l in S --8 q:mdratlln’ Witlh a 10 x 10 x 10 cm A)llrce region ill t IN’

])ottolI1-lCft” front (Wrncr, sllrrollnd(’d With lo cm Of iron in tllrn S[lrro\lIl(l(W! 1)~ :][)

(-111 flf wntm, A 1 CII1sptia.1 IIMBS!l wns IISPCl in nll <Iim-insions. FIIIx l~rofilcs ilr(’

I)r(w:ntrll on wkctcd x-y planes for the otltside j levels in Fig. 1 and ml thc’ fx-ollt
fi)(’(~ ill Fig. 2. TINJSCrnlculations are ~OIILp~rW~Witil diwnon(l set-t, ()-mr(), tll(~t;l

iv(”ightr(l dinnmn(l imd the prrsent .$II:DD with Uo = 1/2, ;ultl h = 2 ft)r grtnll) 1
;111(11) = 1 for ,q-olll) 3, .4 ftwther conll)tirison cllrvr ill grolll) 3 is for h = 2 w]lil’]l
sll(nvs solnc adverse dfcct of Iwiug too vigorl)[ls with Illtjllotullicit.y, 13ri(’fly. if is
seen that tile .4\VDD method is successflll in mhievirqg n ml~ch smoot lII*r solllt ion
~vhilc ret nining rwcuracy. It achieww uccuracy conipnrnhlc with tlw tllct n-wwig]lt (vI
Ilwthod in this rmw. hl m tYpiC(L1 3D cigcnva]lw probk!m whose k is ().96236. t]l~’t;l
\vviglltr(l giww ().!3(3193wller~:ns AWDD giws (),9(j22t3, TIN*w MI(1 IIIIiIly ot llrr rrslllts

‘11S()])oillt. Ill) to t 11(1fil,(’t. tll;lt 011(” IllllSt 1)(’ (“ilr(’fill ill t 11(’(.lloiv of t 11(’V:llll(’ ot” I lit’

Il;ll’:llll(’t (’r!+ [“() ;Ill(l l). 111tilt’ ll(wr flltllrr \vr il]t(’11(1t[~ IIl;I!t~It 11(’ir ,’ll,,i,.,’ ],ss
f~lll])irit.:11;lI1(I ]llorf~
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