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A Diffusion Accelerated Sn Transport Method for
Radiation Transport on a General Quadrilateral Mesh

R. E. Alcouffe
X-6, MS B226

Los Alamos National Labo. atmy
LOS Aktmc)s NM. 87545

Abstract

We present the development of a diffusion accelerated Sn
mansport method for the solution of temperature coupled
-adialion flow problems on a spa[ial mesh of artitrmy
Quadrilaterals in R-Z geometry, The diffusion acceleration
equation is derived from the diamond-like transprm spti[i~l
discretiza[ion. The effectiveness of the DSA method IS shcwn
on an example culcultition and also comput~[](m times we
indicated.

1. Introduction



II. Sn Spatial Solution on an Arbitrary Quadrilateral }Icsh.

C~ivcn [hat we wish to describe the transport of radi~tion thr(mgh a medium which CKLhJngLIS

tmcrgy with the radiation field through absorption, scattering, and emission proccsscs. lVL*L:III

wite [he fo: lowing set of equations:
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where

I“ +‘(r, v.L)) is the r~d]ation intensi[y aI frcquerwy v und angle 12 at time In’ 1,

au( V.”l”e) IS the ~bsorp~ion crt>~ssu[i~m tiI !’rcquency v md Icmpm titurc ‘l-c.
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Ill. I)iff’usi:m Synthetic ,~crclrration of’ thr %)urrr Itrrnti[)n



H-,2 .,;2 =( (:’:) -,,2 + (:~:) +-(}~:)
.3/2

● (.::)
.: ..2 .: .1: .:

-,,, (P#o =:0 +3!:
l/d -1:2 .1?

. . .,
.1?? “ .1?2

/ J;””:.,,2 + :“ .,,2

.

J .. .,;, !,U A ?’
.:’/

d~
Iiz .1’7

If UC lll~w \llh\ll[lllr L’xpan$l{m :$1 1111(11“.qr) -1, WC llhl.1111 Itll’ fldhwllly (llllll’.l{ .11 (-’:llt.~’.l,ll: :, ‘

ill(’ t]~ mli NIIJI lta:lkfig~.

H ((A) ,,, ~(=1”) .,,, ‘( A”).,,, ,, ‘(~”) ,,, ).: :.’.::/

(( A”).,, *(A”) ,, ‘( A”)mi, ,; ”(A) ,
1,



(A.3 .,,2, + (Al
.1/2

=(AJ .,

-,,,

If we further assume a Fick’s law between the cell centered cunmm and [he Intensl[ws, IC .

A. =_ qiu’”j-) (:0 .~/2 ‘:0 1,2, )

[hen comb)ning Flpm. 6.7 and 8. we tlti~in.
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I\’. Calculational Results



~siumed Isotropic and Planckian with a temperature of 1 KeV’. The [Jsk IS to c(~mpu[c I!IC

~vo]ution of the material temperature as a functmn of time and pition until equilibrium ]Sa:t~i llcd

t there is no material motion). We chose to solve this problem using 10 frequent} ~r~~up~

Cqullogari thmically diswibuwd be[ween 0.005 m 20 KeV; the material initial temperature is 0.05

KcV’. In the first (highest energy) four groups, we use an S8 quadrature (swndxd TW(lD.-\\TJ

~nd in the remaining groups. S4. The given spatial calculational mesh is show-n in Fig. 2 where [he

r~dius increases along the vertical mis and [he z axis is horizontal (the source impinges on [hc Icl’[

~ide of the figure). There are 48x48 mesh intervals in [hl~ problem. As can be seen. [his 1~J

highly distotled mesh that has been seen a great deal in [he literature and h~s been used to uh~llcn:c

diffusion solvem, In order to have a reference calcultitlon. we mfide a varient of this pr(~blem WII!I

J unifom. orthogonal mesh which turns out to be pwfectly square in R-7. geome~ and hence i~

nearly ided for a benchmark.

In Figs. 3a-3d. we present contour plots of the mataid tem~mture a[ selected times: the IJ$I

:]me, 30 ns, being [he ume at which the system att.airls equilibrium. Each plot is actually of IWO

W[Sof c(mtours. one from the mesh of Fig.2 and the other from the onhogonal mesh Inspection

~}t’[he plois shows [hat the orthogoniil and nonorthogonal results match remarkably well. The

~hermtmns m the ncmorlhogond] results are tit the pil]ons where one would expect fixup cfl”ccl~h)

!-m=Impmant. We JISO note [i~at the computation [imes and ilemuon patterns are very cl~w [() thu

~~mc u(m!lrm]ng EM the accelemtor is pdorming equally as well in both cases,

\’. Remarks and Conclusions
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Fig. 1 Reference Quadrilateral for hte Development of the Transport Balance Equation

Fig. 2. R-Z Mesh Arrangement for the Example Radiation Flow Problem.

Fig. 3a. Contour Plot of he Material Temperature at Time = 2,0 ns.

Fig. 3b. Contour Plot of the Material Temperature at Time = 4.0 ns.

Fig. 3c. Contour Plot of the Material Tem~rature at Time = 10.0 ns.

Fig. 3d. Contour Plot of the Material Temperature at Time = 30.0 ns.
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