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Abstract

The nodol collision probability method (NCPM) and the nodal
expansion method (NEM) can both be used for multidimen-
sional reactor calculotions with comporable computational
efficiency in-their basic versions.

Both methods are based on inferface current fechniques the
difference being, that NCPM is directly derived from infegral
transport theory whereas NEM relies on diffusion theory. If is
shown thot NEM which combines interface currents with
weighted residual fechniques con more easily be extended to
achieve high occuracy for very large meshes. In addition,
NEM converges ropidly fowards the exact solution of the
neutron diffusion equation with finer mesh size. It was there-
fore adopted as solution method for reactor calculations at
KWU.

Zusammenfozsung

Partialstromverfchren fir mehrdimensionale Reakiorrechnungen

Die nodale StoBwahrscheinlichkeiten-(NCPM) und die nodole Entwicklungs-
methode (NEM) sind Portialstromverfohren, die in ihren Grundversionen
mit vergleichborer Effizienz fur Reaklorrechnungen verwendet werden kon-
nen. NEM hat jedoch gegenober NCPM den Vorleil, leichter zu einem auch
bei sehr groben Maschen noch genaven Rechenverfohren ousgebaut werdun
2u kbnnen. Dies wird durch Verknipfung des Partiolstromveriahrens mil
der Methode gewichteter Residuen erreicht, NEM hat darliber hinous die
Eigenschaft, mit hoher Ordnung gegen die L8sung der Diffusionsgleichung
20 konvergieren. Die Methode wird deshalb bei der KWU in mehrdimensio-
nolen Reakiorrechnungen benulzt.
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1. Introduction

Nodol methods are the basis for the evaluation of both tran-
sient ond slatic power distributions in large LWRs at KWU.
Nodal methods are in use for multidimensional reactor colcu-
lations for a long time already. The reader is referred fo the
review paper of A. F. Henry [1) for o detailed discussion of the
various approaches possible cnd approximations necessory in
formulating nodal balance equations. One of the main diffi-
culties associated with nodal methods is the determination of
spatial coupling coefficients, This problem has severely ki

the practical use of nodal methods until recently.

A particular class of nodal methods is characlerized by the
fac! thet spatial coupling is expressed in lerras of interface
currenis. Formally exact nodal equations of this type can be

i Presented of the topical mecting “'Coarse-mesh computotionol techniques:
progress in methods ond in applications o reactor problems”, Jonvary
25 ond 26, 1977 in Erlongen.

Atomkemenergie (ATKE) Bd. 30 (1977) Lfg. 2

obtained by integrating the multigroup neutron' balance
equalion ¢
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The notation is fairly standard and in accordance with previ-
ous usage. 9", is the average flux of node m and j*;,,, and
7™ gus represent averoge partial currents on the right (s

or left (s,= /) surface A™, = a™,.-a",, of box m. The subscript
u [u = x,V,z) denotes dependence of the quantity concerned
on the spatial variable u.

Introducing spetial coupling coefficients ¥*", as quotients of
partial currents and averoge fluxes the “conventional” non-
linear form of (2) is obtained
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Of course, the formal operations leading to (3) cre not very
useful, unless a prescription for calculating coupling coeffi-
cients is given. Various attempts {o solve this prcblem are
reported in [1;2]. The methods discussec in this paper are
both based on the linear form (2) of the nodal balance eque-
tion. Obviously, in order that (2) be a useful relationship an
additional set of equations for the calculation of interfoce
currents is necessary.

2. Nodal collision probability method (NCPM)

The interface current technique has been used by many u
thors for reactor cell calculations [3-8). As shown in [7; 8] the
method can also ke used to solve multidimensionci reacto
problems with a coarse mesh. To this end, the integral trans
port equation is transformed into an equivalent partial curren
equotion 2
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where s now denotes one of the six surfaces of a rectangulo
parallelepiped. Eq. (4) states that the outgoing current throug
one of the six surfaces is equal 1o the sum of contributicn
from volume sources and from uncollided neutrons pene
trating the cell from each of the other bounding surfaces, Th
coefficients P denote escape ond transmission probabilitie
for the contributing neutrons. in this equation each node
directly coupled both through flux and current ferms to th
six nearest neighbours. Eqgs. (2) and (4), together with suitobl
albedo or symmetry boundary conditions form a consistent st
of homogeneous equotions which are sufficient to determin
the complete set of fluxes ond currents describing the entir
neutron field of the reaclor.

The basic equati (2), (4) are exact provided that the corre
collision probabilities are known. Obviously, the lotter d
pend in a very complicated way on the unknown spatial distr
bution of the sources both in- and outside the cell. Thereior
the most imporlant step of the approximation is the prop:
choice of effective collision probabilities that reloin essenti
effects and slill are simple enough to be preculculated, €
perience has shown that the sole use of first-flight collisic
probabilitics for flat isotropic sources leads to insufficient a
curacy. Much better results are obfained if, in addition, col
sion probabilities for isotropic linearly spoce-depande
source distribulions are included. Source gradient and curwi

1
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SUMMARY OF THE METHQOD
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METHOD DEVELOPMENT
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INTEGRATING IN A VOLUME V.
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BOUNDARY CONDITIONS
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POLINOMIAL FORMULATION
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BENCHMARK
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Figure S: The core longitudinal cross section with control rods.



s IQSBOX (FINNEMANN, 1975) — Nodal Expansion Method
FEM-3D (MISFELDT, 1975) — Finite Element Method
VENTURE (VONDY et al., 1977) — Finite Difference Method

VANCER (VONDY and FOWLER, 1978) — Finite Element Method
Ph.D. Thesis (CHRISTENSEN, 1985) — Nodal Expansion Method

ARROTA (EISENHART, 1991) — Analitic Nodal Method

NESTLE (TURINSKY et al., 1994) — Nodal Expansion Method

5.~ PARCS (DOWNAR et al., 2002) — Analitic Nodal Method



RESULTS COMPARISON

CODE Ay X Ay X HZ(C]IIE) keff ﬂkgff(ﬂfn:)
VENTURE Extran. 1.02903 -
VENTURE 10 x 10 x 10 1.02864 0.03790
VANCER 10 x 10 x 10 1.02949 0.04470

FEM-3D 10 x 10 x 10 1.02920 0.01652
IQSBOX 20 x 20 x 20 1.02911 0.00777
- 20x20x 20 1.02901 0.00194
Christensen 20 x 20 x 20 1.02896 0.00680
ARROTA 20 x 20 x 20 1.02899 0.00389
NESTLE 20 x 20 x 20 1.02899 0.00389
PARCS 20 x 20 x 20 1.02909 0.00641

k1AEA=3D — 1 02903

eff




-------------------------------.}

: 0,0430 | 0,6571 | 0,0327

0,7216 | 0,3601 | 0,0975 | 0,0808

0,6506 | 0,7018 | 0,6859 | 0,2847 | 0,4700 | 0,0141

0,8948 | 0,7612 |0,7746 | 04757 | 03886 | 0,0922 | 0,5548
2 }5& --0,8041-.-0,—7-376-- -0,4590 | 03778-1-0,1147- 03218 - >

Figure 7 The NEM3D-1A mean radial power distribution deviation.




CONCLUDING REMARKS



*THE PROPOSED WORK WAS SUCCESSFUL;

‘NEM IS AN IMPORTANT TOOL FOR COARSE MESH CALCULATIONS
IN LWR;

* NEM3D-1YA WAS ABLE TO PREDICT THE k.rr WITH A GOOD
ACCURACY;

*‘NEM3D-TA IS ALSO SIMPLE AND FAST;

*‘NEM3D-TA PROGRAM INDICATED STABILITY AND CONVERGENCE
OF THE METHOD TO THE EXPECTED SOLUTION;
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