LUR- 26-1958

Tmo.'i Tho Creen'a Function Mothad [or
! Critical Hetoroguneous Slaba
i
CONF=F6 1)0>--1S
'.'":E@E]VE"_"E
UL 191355
Author{s): | Mrew E. Kornveicl C’ S T '

Submitied t0: | American Nucloear Sovlety

[ -
—— -

ISTRBUTON OF THS oom 18 "“U“'- _ . MAR

Los Alamos

NATIONAL LARORATORY

1 n Adunud Kl | alapf@iory. o0 e inabon & Mot il Okmor iy enisjyer, iy opsrdied y thay Uievarally ol Cdplori bt 106 1 Daouimol ol Lo
e e WA NG 30 By moemteiy U Bio iU ihe (ublishiet iacegnides the! he () 1 Cluveriinetl feinite 6 MG RN "Ny haw 1ot -
(AN UF LI (R (el ottt o Wes rniAbUOR B 1 dikier LIS 1) 50 8 S8 1) B Ukivartvtiond gt L0 LU8 Acaeity Natnpiat Laland'y'y
fatuRite (AB] e pubugive? dtwly thy artciy 6% WM Do rii e UNSer AR ASDRME U e HE 8 Depaimrent of £ negy

€ oadslgn vy 0
LR B


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


DISCLAIMER

This report was prepared a5 an account of work sponsored by an agency of the
United States Guvernment. Neither the [Jnited States Govornment nor any sgency
thereof, nor any of their employees, makes any wartanty, express or implied. ar
assumes any logul linbility or rexponaihility for the accuruey, completeness, or use-
fulness of any nformation, apparatus, product, or process disclosed, of represonts
that its use would not infringe privately ownad riglis. Re/erence herein tu any spe-
cific commercial product, process, or service by trade name. trademark, manufac:
turer, or otlicrwise does ot necessarily constituty or irmply (15 eadorseniont, recom:
mendation, or favoring by the Uniled States Government or any agency thereof.
The views and opinions of suthurs expressed hergin do not neceasarily stale ur
reflect those of tie Uniled States Government or any agency thareof.



DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are

produced from the best available original
document.



THE GREEN'S FUNCTION METHOD
FOR CRITICAL HETEROGENEOUS SLABS

Drew E. Komreich

Los Alamos National Luboratory
TSA-7. MS F609

Los Alamos, New Mexico 87545

INTRODUCTION

Recently, the Green's Functlon Method (GFM) has been employed o obluin
Lenchmark-quadity results for nuclenr engineering und rudlative wansfer caleulutions.
wus possible because of fust wnd aecurite cadeulwions of the Green's lunction wd the
ussociuled Fourier und Lapluce trunstorm inversions,' Culeulations have been prov
in vtiedimensional slub geometpies for both botnogenceoas cd lieterogeucaas medin,
heterspencons medium is anlyzed i series of honegreneous sfalsws, and Placsck s
lemua” is used o exterk each sl to intinity. ‘This ullows use af the inivite nediun
Green's unctivn (tw unisotiopic plune source inun inlinite lonwspgenecns medivnt) i
sedution, ‘Teethis polnt, ndeawbiek of e GEM lues been the Tinpitmion wonesdia with
1. whete e is the ot oF secsawluey puntleles produeced low cedlision. Clesaly, i
ey sical stendy-stutes sedution exists B an infinite wiedivga ot continns an indante so
andd Is descuibed by « 1 however mathiematienl solutions exist which cesult inosell
Gireen's tuuctions. Such culeulations are briefly discussing in Ret. 8, ‘e limitatun
tedin with ¢ < 1l heen aeluned seecthot e Green's function uay also be cidenlited

aiedln with e o 1.0 Tlhus, imaterinls it contiin Nssivnuble isotopses nmy be imaodeled



The obvious upplication of thwe GFM with ¢ > 1 is the critical slab problem. Th
critical slab problem has been solved using a variety of analytical und xeini-analytical
methods.” However. as the GRM is used fur heterogeneous media with ¢ < 1, it may
be used for the heterogencous criticul slub problem. Reflected multiplying mediu huve
studicd and have included some anisotropic scattering in the medium properties.™ ' T
analyses considercd symmetric media with the multiplying medium in the center and (i
or infinite reflectors on cach side. The GFM with isotropic scattering will be employe
analyze similar systoms us woll us usymmetric slab configurutions. ‘Itic unalysis consi

of determination of the criticul width und assocluted tlux profiles,

THE GREBN'S FUNCTION METHOD FOR FINITE MEDIA

The power of the GFM rests prinurily in the ability t vbuin solutions for (init
medla uging the intinite mwediun Green's function, Multiple-siub systems are casily
constructed us u serics of single-slub problems it we connected by equiing bound:u
ungulur fluxes. Using stadard Geeen's function formnulutions Tor the one-group linea
wuport equation with isotropic seattering, the angulur Mua in a sl is expressed in i

of the Green's function us

where Se(cg) = g1 @O < pt fAp)H x=A) (u result of Placzek's lemaa)d, $, {0y
wy inhotnopenevus sources, uid o(x) Iy the chauwteristle function for tie slab, dellng
1 Insdde the slab suid 0 clsewhere, The effect of Plezek's lennna is 0 mhd howslary |
souree (erns (o e inlinlte medivn forulation, Upon insetlng e expression fo

Sefaun) und separating the g liegeal lnto pusitive ikl negative conponents we have



1 1
ox.pu) = Io dp' u' K0°.u"G(x.ulu') - I“da' u A" NG(x--Aulu") ~

| [}
- J.o du' 4 KO =" )G(~n—ulu') + J.u da' 1’ WA —p)GA—x,~ulu') + Q(a i)

where @(x.) is e term for inhomogencous sources. Both translationul invariunce
[G(x-x'du") = G(x,pdx' "] und reciprocity [G(~x,~p-u") = G(x.4u")] have been
assunwed. The inwrior angulur flux in Eq. (1b) may be detennined viu quadrature if t
angular boundary fluxes and the Green's function are known,

‘I'HE CRITICAL SL.AB PROBLEM

The critical slub problem consistz of a serics of source free slabs which scut
paticlos isowopically. At leust onc slub must be a inultiplying medivm, By lewting
wwd g =~ for (he exiting angulnr Nux at the left boundury wxd x - v A™ for the exiting
at e right boundary, the following equations tre obtained for the boundiry angulw
of the /" ylub:

| .
¢£0* ,~u) *J. du' ' ¢,(0".-u')l_6', (0"l G,(--A.-nln')] t
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& (Lo e “"‘---J‘ du' p' w LA .u')lh‘.m'. 'y £ G A .nlu')l
]

| .
¢M(0".~-uju"N" "'J:.dll'll'h.|W'-'-'l")|(".-m'-"'ﬂlﬂ" G (A .ulu')l -( .

Tl exponentlal tenns come Tron the separation ol the Cireen's fuetlon inte codlides
uncollided components. A the <labs “coannunicate™ with o sukher vio e
Wonndany wngedue uxes hetween the sl P seosonree-ree iedivm, o <olution

w00 = O, “Thas vl solution ieurs i the carnlative itegral uperator s v drtble



However, the “critical™ solution ¢comes when the operator is singnlor, or non-invertible
Phygically, with no rource present, a lab configuration which is thinner than the critic:
configuration will have u zero neutron population (te trivial solution), I the thicknes:
preater than the critical thicknexs, no steady state solution is available (the population
continuously increases with time). Therefore, the goal is W determine the critical thick
at which a steady-stute flux distribution may be present without sources, The thicknes
of ull but one of the slubs ar: held constunt, aud the critical width of the slub under
comsideration is dexired. There are 2V, unknown functions - the boundary angular flu
¢(0%.~u) and o{A" ). Assunting o Gauss-Loegendre quadrature rule (order L,,) tur tl
integrals, i cunulutive solution vector is constructed from the boundacy fluacs, The o
of Uw vectorix 2 ¥ N, « L. A super mutrix equation for Eq. (2) ix constructed. Asvo
form of the Gieen's function for ¢ > 1 is complex, (his nutrix is wlso complex.” The
criticad solution comes when, for u given thickness of (he variable slab, the detenninun
the super matrix is zeru. A dud zero search ix perford for the real wid inaginay pa
of U deterininu, which provides the criticad width of the varisble slub.

Owce the vriticul thickness is deteninined, the next step I8 to calculute the unguln
sculur Auxes for euch slab, As usual, the mugnitude of the flux disteiteions is whitru
u crithed systent (usually i by determined using a power level), Wit i GEM, e i
ungular fuxes we determniloed via quidratuee onee the bowklaey ixes ure knowi,
Naowmally, the opertor nutrlx wonhd be lnverted o glive the ondey Nuaes; howeve.
ntatris 18 singulio wd etstore can not be inverted. e bowsdary Hua Is deternined
atn ilerative process, Lar each slahy, thete ure laur boundary Hunes whelo st be
Calenthuted ua seen in P (2), T indtlal gasess Gor one of the enterug boundary Nuae:
B 110" ) 18 the norialization fnclor (ay) which seales the sealtr tux, Tlw exiting

Doundury ey i then ealeulted frant Vg, (2) with each slab belng aadyzed In



sequence. This process is done iteratively antil all boundary flaxes bave convecged |
specified tlerance. Interior fluxes may then he caleulited from Bg. (Ib).

The Green's function nkethod for a critical multi-slab system is demonstrated
two adjacent flubs, The {irst slab is a multiplying medium with ¢ = 1.5, and the sec
a teflector on the right side of the first slab with ¢ = 0.9 and a width of Ay = |. The
critical width of the first siab was determined to be 0.9652. The scalar flux disuibut
along with a comparison using the ONEDANT!! code, is provided in Fig. 1. Good
agreement is obtained. with correspondence achieved by matching the left endpoint |
Comparisons of the GFM results with results from symmetrie reflected systems fom

Rels. 8-10 yield the sume critical widths.
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Fig. 1. Scalar fTux distributivn for iwo-slab eritical system (g ~ 0.9052, ay = |



