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Introduction

Converting the independent variables of the transport equation to dimensionless

parameters, asymptotic analyses can he performed to show that, for an important class of

problems, the diffhsion equation is an asymptotic limit of the transport equation, 1 A

recent paper by 1.nrscn, McGhec, and Mmcl 1 provides a broadened view of tlm rcsul[

discussed atrovc II deals with thc sleady-state transport quat ion and shows that thc

Simplified Spherical-l larmonics (SP%) equations arc robust high-order asymptotic

npproximnt ions of thc trtumpofi cquation in a physical regime in which thc convent ional

diflhsion equation is the Icuding-twdcr approximation According to [hc rc,mr-tcd

numerical results fl~r [hc stcmly-stulc casts,’ ‘ ibr mnny proldcnui, low-order S1)’.

equations capture most (fiamino’ rcp(}lts “greater Ilmrr IWl%”) (d” thc lrtiusporl

a]rrcctions tn the diflhsion ap]~i”{~~ill]iltit~il And 1.Wscnn !hlws Ilull, in nwu Iy ;111cilscs.

thc S1): rcsulls mc signi!icunl Iv more lKC(llillC Ilm diilhsion rcsulls in tIw slcadv-st Illr

pl”(d)lcms

In Inis plIpc I, wc dwd wil h thc [illll’-llclwlltlcilt cmc and find lhnl if”onc ncglccls

1111’limr dclivalwr Iw m (W Ihc scumd II1OII1CII1(d- 14ngulm flux. I)w: /f)/, in IIIC linw-

d( pmldcIII SIB:wlm~li[ms ( IVC-will (wll this cqlmti~m m IIIC Mmliiid “l”imc-1L ,WVNICIIIS1}:



Equations), this equation has the same asymptotic approximations of the time-dependent

transpo~ equation up to the third-order in a physical regime in which the time-dependent

diffhsion equafion is the leading-order approximation. Also, we formulate the time-

dependent PI equations for one-group, slab geometry problems (in slab geometry, the SP2

equations are exactly same as P: equations) and compare numerical time-dependent

diffbsion, P: and discrete-ordinates (SI.) solutions in several classes of problems Because

the time-dependent SPZ equatirms can be transformed to the same form of equation as tkle

time-dependent difision equation, the SP: results are obtained with almost the same

computational effon as lhe diflision results In addition, ‘we compare the numerical

soiut ions of the time-dependent P: and modified P: equations with those of the difision

and SI. equations in ~hc slab geomc[~

Time-Dependent PI Equations in the Slab Gcomet~

If we eliminate the time variable in the time-dependent PI equations using an

implicit scheme. and formulate an equation in the scalar flux, VO, only, the result is in Ihc

foml of a conventional dilhsicm eq~ation With [his equation, we can make the m~trix

equation Q ~~’” 1 = ~“ at each time step, II, where & is tri-diagonal symmetric matrix
—

r;rom th~ nllnlcrlcal rcslllts, Wc fir~(l tllal, In tll~ V~SI nmjority of cases, the timc-dependent

l}; solutions HIC more accura[c Ihnn the crmvcntional diffusion solutions Even in the

optically-thin regimes (very small totill cross ,sccmms), the time-dependent PI sotlli;\;ilS arc

quite C1OSCto the SI* soluti(ms (WC I:igulc I ) ‘rhcsc rcsulls provide the lllotiVilli(lll 10

consdcr the mlllti-dinlcllsi(~ilill case

is.



If we consider the asymptotic scaling’ :

where, c<< 1 and expand,

~=~o+C~,+C2~2+”, $=@o+C@, +E2@2 +”””- ;

apply these to the time-dependent transport equation, and equate coefficients of dil~erent

powers oftz ; the result is

()( E;

()(c:)

()(c’)

: time-dependent diffision equation

:+$,-Dv’ol+U,($l =0

(
ld4—— _v’)/)v’@( )++;

la, ;)/ + Isa,’
@l - IIV’($, +U.$2 = O

If onc ncglecls the time derivative term of VI, $v,, in the time-dcpcmhmt Sl)~

cqualions,” rind rcforrns them with rmly the terms of V~=$). one can gc[.

Applying the same scnling ml cxpmsion [o this equati(m, wc find Ihc M(xli!icd

“l”in~c-[lcpendcm SP~ IIquntiml Ims IIW same nsymplf~tic approxin-mtions of I IIC llilnsl]~)rt

cqua[i(m up 10 the [bird-ordc[ in ;] physic:il rc~imc i~lwhich the [imc-dcpcndcmt dillilsi(m

cqu:lli(m is the lcndin~-oldcl- Rpprtlximntitm In t)lhcl- words. Ihc m(dilicd tilllc-tlc~)cll(l(!lll

S1’: mplalilms C(mluin highcl-[mkr nsympl(}tic c(wrcclions to [tic Iill]c-(lcl’’.ll(lclll dillilsi(m

cqutili(m lllilll do !IIC S1’! mpmti(ms wilh{ml nwdilicatitm AIs(J wc c ‘li)l)iil~ numcrk:ll

s(}lllliolls {)1’ [IN’ tilllr-tlcl}~.11(1~’t]ll); [Illil Iliollilid I’J eqtmli(ms. am! Ilk?I“CSIIIIS SIIOW tllill IIK



modified time-dependent PI equations give even better answers than the time-dependent PZ

equations in many cases.(see Figure 1,)

Conclusion

We have shown that the Modified Time-Dependent SP~ Equations contain higher-

order asymptotic corrections to the time-dependent diffhsion equation and in the slab

geometry, in most of cases, the time-dependent Pz solutions are more accurate than the

difision solutions, This implies that in general geometry, the time-dependent (modified)

SP~ equations could givti a lot more accurate results than the time-dependent diffusion

equation with almost the same computational effotis, and could give relatively inexpensive

solutions to the time-dependent S~ equations. The study for the time-dependent SPI

equations in more general cases, such as in 2-D multiplying medium, multigroup for

energy, with anisotropic scattering and delayed neutron precursors, is being performed by

the authors to validate the advantages of the time-dependent (modified) SP~ equations in

more realistic problems
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Figure 1. In the Homogeneous Slab of ~=0. !,
~ / G=O.9, with constant source S=1.0at t=O
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