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Abstract In a severe accident of a light water reactof] LWRUO, heat transfer models in a narrow
annular gap between superheated core debris and a reactor pressure vesse[] RPV[are important to
evaluate the integrity of RPV and emergency procedures. This paper discusses the effects of superheat
on the heat flux based on exisisting data. In low superheat conditions, the heat flux in the narrow gap
is higher than the heat flux in pool nucleate boiling due to restricted flow area. It approaches the
nucleate boiling heat flux as superheat increasing and reaches a critical value subject to the counter-
current flow limitind] CCFLUat the top end of the gap. A heat transfer correlation was derived as a
function of dimensionless superheat and a Kutateladze-type CCFL correlation was deduced for critical
heat flux] CHFrestricted by CCFL, which gave good prediction for a wide range of the CHF data.
Effect of an angle of inclination of the gap could also be incorporated in the CCFL correlation. In high
superheat conditions, the heat flux in the narrow gap maintains a similar shape to the pool boiling
curve but shifts the position to a higher superheated side than the pool boiling except film boiling,
which could be expressed by the typical pool film boiling correlation. Incorporating quench test data,
the heat flux correlation was derived as a function of dimensionless superheat using the same formula
for the low superheat and the Kutateladze-type CCFL correlation was deduced for CHF. The CHF at
the high superheat was 3-4 times as large as CHF at the low superheat and this difference was well
predicted by different flow patterns in the gap and the balance of pressure gradients between gas and
liquid phases.

Keywords critical heat flux, narrow gap, superheat, counter-current flow limiting, angle of inclination
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