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ABSTRACT

The prediction of CHF has been, in most cases, based on the empirical

correlation. For PWR fuel assemblies the local parameter correlation requires

the local thermal-hydraulic conditions usually calculated by a subchannel

analysis code. The cross-sectional averaged fluid conditions of the subchannel,

however, are not sufficient for determining CHF, especially for the cases of non-

uniform axial heat flux distributions. Many investigators have studied the effect

of the upstream heat flux on the CHF. In terms of the upstream memory effect,

two different approaches have been considered as the limiting cases. The 'local

conditions' hypothesis assumes that there is a unique relationship between the

CHF and the local thermal-hydraulic conditions, and consequently there is no

memory effect. In the 'overall power' hypothesis, on the other hand, it is

assumed that the total power which can be fed into the tube with nonuniform

heating will be the same as that for a uniformly heated tube of the same heated

length with the same inlet conditions. Thus the CHF is totally influenced by the

upstream heat flux distribution. In view of some experimental investigations

such as the DeBortoli's test, it revealed that the two approaches are inadequate

in general. It means that the local critical heat flux may be affected to some

extent by the heat flux distribution upstream of the CHF location. Some

correction-factor models have been suggested to take into account the
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upstream memory effect. Typically, Tong devised a correction factor on the

basis of the heat balance of the superheated liquid layer that is spread

underneath a highly viscous bubbly layer along the heated surface. His physical

model suggested that the fluid enthalpy obtained from an energy balance of the

superheated liquid layer is a representative quantity for the onset of DNB. A

theoretically based correction factor model has been proposed by the author for

the prediction of the critical heat flux (CHF) in a boiling channel with nonuniform

axial heat flux distributions. The basic formulation of the correction factor was

devised from the mass balance equation on the bubble layer, which has been

used by Weisman and his coworkers for the prediction of DNB-type CHF in

vertical channels. The key parameters representing the influence of the

upstream heat flux profile were revealed as the bubble layer thickness, the

mixture velocity of the bubble layer directed parallel to the heated wall, and the

lateral mass velocity from the core to the bubble layer due to turbulence. In this

study, we assess the applicability of the proposed model for PWR rod bundles.

A local parameter CHF correlation is developed from the rod bundle CHF data

base collected from open literature. The proposed model reveals reasonable

prediction accuracy in comparison with existing empirical correction factor

models.


