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SUMMARY

Counter-current flow (CCF) of steam and water may occur at the upper

core plate of a light water reactor (LWR) under reflood conditions.

The steam produced in the core rises up, and the water in the upper

plenum drains down through th? openings of the upper core plate.

The water in the upper plenum may come from one or several of the

following sources: de-entrainment of droplets coming from the

reactor core, spray injection in boiling water reactors (BWR), and/or

direct injection (upper plenum injection or UPI) in some pressurized

water reactors (PWR). This water may be held up by the steam rising

up and flooding may occur. Considerable attention has been given to

the flooding phenomena in single channels [1], but very little work

has been done for multichannel geometries like those of an actual

LWR. Also, the correlations developed for single channels are geometry

dependent and their application to reactor geometries may be questionable.

This paper describes a new model for CCF and flooding at the upper core

plate of a LWR. The model assumes separate paths for the water draining

through some open area of the upper core plate and the steam rising up

through the remaining open area. Condensation of steam is not considered.

The following equations apply:
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where W is mass flow rate; j?-, inertia coefficient, with L length and A

open area; p, density; g, gravitational acceleration; z, height of water

on the upper core plate; K, total loss coefficient (including friction

and form losses); g, acceleration of gravity; and AP = Pp'^i» P r e s s u r e

difference between the core and the upper plenum. The sub-scripts 1,

2, a, g and T represent upper plenum,core, liquid, vapor and total,

respectively. A- is the total open area of the upper core plate.

Eqs. 1-3 and equations for the conservation of mass and energy for the

upper plenum vapor region, the core vapor region, and the water pool

on top of the upper core plate are solved simultaneously. The above-

mentioned equations were implemented in a code, and a sensitivity study

was performed varying A , the area open to the steam flow. The geometry

considered was a PWR with a constant UPI of 354 kg/s (Fig. 1).

The calculations indicated that for high steam flow rates, if the area

open to the steam flow is not large enough, the resulting AP between

the core and the upper plenum prevents water drainage. Other results

indicated that the water can drain without significant friction losses

with only 4% of the total available area. Figure 1 was obtained with

A and A fixed at 0.0452 A T and 0.9548 Ay, respectively (AT = 2.055 m
2 ) .

The water held up on the upper core plate must reach a minimum height

in order to be able to drain by gravity. Larger water flows needed

higher water levels. Also, larger steam flows yielded larger AP values,

and consequently, higher water elevations were needed for the same water

flow rate. The water level on top of the upper core plate was assumed

to be limited to a maximum height of 0.762 m (2.5 ft) due to geometric

considerations. Therefore, flooding will occur for this geometry at

steam flows larger than 47.5 kg/s. A water flow of 354 kg/s, with

the maximum water level of 0.762 m, was only possible for steam flows

below 35 kg/s.



I t is interesting to compare these results to single-channel correlations
using dimension less velocities, such as that g ivn by Wall is [2]:

g £

or that of Kutateladze [3]:

= C K (5)

The parameter C is usually between 0.725 and 1.0 for the Wallis correlation;

C1=0.689 and C.,=2.O2 for the Kutateladze correlation.
I IN

Equation 4 yields flooding (j =0) for W =86.62 kg/s when C=l. If C is
*• 9 *

chosen as 0.75, then W =48.72 kg/s. Equation (5) yields for K£=0,

W =43.59 kg/s. These last two results are very close to the value of

47.5 kg/s calculated with the new model. A water flow of 354 kg/s can

be obtained for a maximum flow of steam of 34.36 kg/s from Equation (4)

with C=l and for W =10.9 kg/s with C=0.75. Equation (5) yields W =18.16 kg/s

for W =354 kg/s.

Except under flooding conditions, Eqs. 4 and 5 yielded lower water flows

than those obtained with the present model. The use of single-channel

correlations for the actual reactor geometry may therefore be too con-

servative, but this can only be determined by experiments.

If condensation of steam is considered, the present model will yield

larger water flows draining into the core. This matter is under investi-

gation at the present time.

In summary, a new model for flooding and CCF on top of the core of a

PWR, which considers the multichannel geometry of the system, has been

developed. The new model predicts, under most conditions, higher water

flows into the core than single-channel correlations. This model may

be used as an alternative to single-channel correlations.
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Fig. 1. Pressure difference between the core and the
upper plenum, and height of the water pooled
on the upper core plate as function of steam
and water flow rates. Calculations performed
for A = 0.093 m and A = 1.962 m .


