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An accurate and detailed representation of the flow distribution in I.'••'•'£?

cores is very important as the starting point and basis of the trerr=' ar!

structural core design. Previous experience indicated that the steady v.^ls

and transient core design is as "good" as the core orificing; thus, s re.

orificing philosophy satisfying a priori all design constraints was d;v:-Jc>c-dl -.

However, optimized orificing is a necessary, but not sufficient condition

for achieving the optimum core flow distribution, which is affected by the

hydraulic characteristics of the remainder of the primary system. Conse-

quently, an analytical model of the overall primary system was devel^c'd,

resulting in the CATFISH computer code, which, even though specifically

written for LMFBRs, car. be used for any reactor employing ducted asse;-..-;I:5s.

I CATFISH is a hydraulic code which models the entire primary syster. (see

: Figure 1). It considers all the hydraulic resistances in the core ?}«s v?c~r

: of the inlet and outlet plena and primary loop. It also models zTi tr.e

numerous reactor flow paths: fuel and blanket orificing zones, primary ~ui

: secondary control assemblies, radial shield, vessel and core barrel and

leakage. Each individual core assembly is represented by a separate flow

! path, accounting for every resistance: lower internals, assembly nozz~:est
orifice, shield, rod bundle, etc. This complex hydraulic network is coupled

with the pump head/flow characteristics curve. Thus, for any specified set

of resistances, CATFISH calculates the pump head, the total reactor flow,

the flow in each assembly and the pressure drop across each subcomponent.

In the actual design procedure, the minimum flow requirements for the cor?

assemblies and other reactor components have been determined by therral-

structural considerations'- •*. All the hydraulic resistances are also
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def insd, except the o r i f i ces , which are specified ty the dos^cr.er to achieve

the desired flow d i s t r i bu t ion . CAI'ISi? has proven c j i t e va*_;D"iC "ir, achieving

th is goal. For exa-ple, i t was found for the Clinch R;ve»- Breeder r<?2;tor

Plant (CR3RP) that by judic iously decreasing the o r i f i c i r g ; res:'jtarc-:-s. t - ^ j

•oving toward higher flows alor.g the ?--? characterist ics cur-.e, t re to:a1

reactor flow delivered by the pur-? cc-jla fce increased ty tne ord»«- o*" f-~~\.

This has the potential for very substantial savings, s:r.ce V increase •> f:C«.

corresponds to --SeF decrease in naxi" : / ; cllaidir.5 t t T o r a t j r e , *-.t-.ic*:, i r ".•J>"f"i.

corresponds to an allowable bumur :ncrc3s? D: --?:r? '"n-Ztcn. •"?'- -:x:-~:.;*c,

an 8? flow increase *ould yie-'d an f^ceasec l i **et : -? c*" -.5 "-..'i^s for ?-.cr

CRBRP core and fuel zycle cost savir.ns of .Sir"'* over trc ?j=rt l i - ' e t i - ^ .

A feature of several L̂ FBR desi5ns is that a croup ef si jsrer.t core a jsc -^ l ies ,

which are generally of d i f ferent tvres ir.z ^elc^gi'-.2 t? di '^ersnt 0!">"ic;*!s

zones, are fed frcr- a single scur-ce in the lc»-:er i r . tor ra js , called a Tcw-er

i n l e t riadule (L3K). Thus, asse~Jjlies with identical o r i f i c i r c , bat fed t-v

d i f fe rent LIV's w i l l f;ave s l i gh t l y tii-"-:rent flcivs, c'crs^dir.g en t rs r r^?-*"•-

drop across the respective IIV.3 {i.hiz'r. is proport icn; ! to the total LIV f";cw\

Only a code l i ke CATFISH node-ling the f 'o. . neti.'Or< i-.it'j t*:e r«.-p as rcur:d:ry

condit ion provides the capabi l i ty of calcuUtir.c the i r .d iv i i -a l asse^ 'y f l ? ; . i .

The par t icu lar case of CS5P.P, xhere each L i " feeds S€.-cr! adjacent asse-Mies

is shown in Figure 1. Maxi.—j- How varial icns of - - I " iet-«et« sssv- i ' ies in

the sare o r i f i c i n g zone were calculated; sir.ee they are s igni f icant encu;^

to af fect the core themal design, they had to be considered in the core

o r i f i c i n g process.

CATFISH calculct3S core flow d is t r ibut ion and cc-?rrents sressuro rfrrr fer

nominal conditions as well as eccounting for arsccrtEir.ties en tra hydraulic

resistances, both posit ive and negative (higher or lo^er resistance th:;r,

nominal). Previowsly, the rax imn reactor pressure drop was calculated increas-

ing the noninal ^P's along the highest resistance flow path {highest fles* o r i f i c -

ing zone) by the i r respective uncertainties. This is obviously overly conser-

vat ive, since: a) the actual reactor flow when the hydraulic resistance is

increased must be less than the flow delivered by the punp for noninal condi-

t ions ; b) resistance uncertainties are superifnposed. while they are s ta t i s t i ca l

i r nature; and c) the flow redist r ibut ion ancng the various flow paths is



negiected. A l l the above e f fects are properly accounted for in CATFJbr!.
For Die CRBRP case, the hydraulic resistance i n each single component was
Ind iv idua l ly varied ( f o r a to ta l of 83 individual cases) and the correspond-
ing e f f e c t on the tota? reactor flow calculated. A root-mean square of the
reactor flow var ia t ion due to the individual var ia t ions in hydraulic res is -
tance (as wel l as pump curve) a t the Zz confidence level resulted in 2a
expected flow var iat ions o f only +1.65 over the nominal reactcr f low. This
compares w i t h var iat ions of over 6S previously a t ta ined , thus reducing un-
necessary conservatism which penalizes the overa l l plant design and per for -
m n c e .

I n conclusion, the new ana ly t ica l method presented here provides the designer
w i t h a rigorous and very deta i led representation of the flow d is t r ibu t ion
and pressure drops i n the reactor and, even r.ore important ly , i t s irsplenien-
t a t i o n enables reduction o f unnecessary design conservatism and very sub-
s t a n t i a l cost savings. ;
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