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An accurate and detailed representation of the flow distribution in "

- orificing philosophy satisfying a priori all design constraints was C:vzzv;e
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cores is very important as the starting point and basis of the trerszl &
structural core dasign. Previous experience indicated that the stead -

and transient core design is as "good" as the core orificing; thus, z rex (1
1
A -

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

- for achieving the optirmum core flow distribution, which is affected o} Lhe

“written for LMFBRs, can be used for any reactor employing ducted ass=iniiss.

‘ Figure 1). It considers all the hydraulic resistances in the core 2
" of the inlet and cutlet plenaz and primary loop. It also models 217 tfe

hydraulic characteristics of the remainder cof the primary systen. g
quently, an znalytical model of the ovarall primary system was de"cl"';-,
resutting in the CATFISH computer cude, which, even though specificaily

CATFISH is a hydraulic code which models the entire primary systzs {ses

2lps ot

P

" numerous reactor Tlow paths: fuel and blanket orificing zenes, primary and
: secondary control assemblies, radial shield, vessel and core barrei and

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

) path, accounting for every resistance: Jower internals, asserbly noz:les,
-orifice, shield, rod bundle, etc. This complex hydraulic network is coupied
. 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 eath subcompsnent.

. In the actual design procedure, the minimum flow requirements for th2 coro
: assemblies and other reactor components have been determined by thzrnzl-
_ structural considerations[1]. A11 the hydraulic resistances are also
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definod, except the grifices, which are specified by the
-~y

the desired fiow distribution. CJATFISH has proven gquite
this goal. Ffor exa—ple, it was found for the (linchk

Plant (CR32P) that by judiciousiy decreasing the orificing resiaiances,

‘LI

a -

de
moving toward higher flows along the pu-o characleristics curie
reactor fiow delivered by the pump coulig be increased Ly tt
This has the potential for very substantial savings, since
corresponds to ~5°F decrease in raxi-n zlzdding
corresponds to an alloaable burnun imgrezse of ~FIT0C
an 87 flow increase would yieid an ingweased
CRBRP core and fuel cycie cost sawvirngs of 81008 over 1mo

A feature of several LY¥FSRR designs s that a oroup of
which are generaily of different <yres and belonginz
2ones, are fed frem a single scurce in the 1o

inltet module [LIM). Thus, asse~Blles with identical orificing,

different LI¥s will have siichtiy diferent flow

drop across the respective LIVs [which is sroportice
l‘
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Only a code like CAT
condition provides the capability of calculzting the indivi
The particular case of CREBP, where each LIM feeds sovon adlisgent assordlias

$¥ modeling the Tlow netwsry with the oo

is shown in figure 1. Maxisy~ flow variations of <27
the sare orificing zone were calculatsd; sinca ¢t
to affect the core thermal design, they had to be considersd in the zore

orificing process.

CATFISH caiculcies core flow distriduiion and components oressurs droo for
noninal conditions as well as accounting for uncerizintios on the hydraulic

resistances, both positive and negative {hicher or
nominal). Previousiy, the maximum reacior pressure drop was 2
ing the noninal :P's along the highest resistance fiow path (hi t
ing zone) by their respective uncertainties. This is cbv1ously orer?; conser-
vative, since: a) the actuai reactor flow when the hvdraulic resistante s
increased must be less than the flow delivered by the pump for nominal condi-
tions; b) resistance uncertainties are superimposed. while they are statistical
ir nature; and c¢) the flow redistribution ameong the various flow paths is



stantial cost savings.
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meglected. All the above effects are properily accounted for in CATFISH.

For the CRBRP case, the hydraulic resistance in each single component wac
individually varied (for a total of 83 individual cases) and the correspond-
ing effect on the total! rcactor flow calculated. A rgot-mean square of the
reactor flow variation duec to the individual variations in hydraulic resis-
tance (as weil as pump curve} at the 25 confidence level resulted in 2c
expected flow variations of only #1.6Z over the numinal reacter flow.
compares with variations of over 6% previously attained, thus reducing un-
npecessary conservatism which penalizes the overall plant design and perfor-

This

mance.

In conclusion, the new analytical method presented here provides the designer
with a rigorous and very detaiied representaticn of the fiow distribution
and pressure crops in the veactor and, even more importantly, its implemen-
tation enables reduction of unnecessary design conservatism and very sub-
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Figure 1. Schematic of CRBRP !’rimu.ry System Hydraulic Network Modeled by CATEISH



