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Study on Counter-Current Flow in a PWR Hot Leg under Reflux Condensation
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Abstract Loss of the residual heat removal system without other alternative cooling methods
under mid-loop operation during shutdown of the pressurized water reactor plant, reflux
condensation in the steam generator (SG) may be assumed as an effective heat removal mechanism .
In the reflux condensation, steam generated in the reactor core and water condensed in SG form a
counter—current flow in a hot leg. The flow is highly complicated because the hot leg consists of a
horizontal pipe, an elbow and an inclined pipe. Counter-current air-water tests using the apparatus
with scale model of the hot leg and numerical simulations were conducted to develop the flow model
which improves the reliability of the transient analysis during the reflux condensation. In the tests,
flow pattern transition was observed minutely and counter-current flow limitation (CCFL)
characteristics was measured by changing the supplied air and water flow rates. Then the
relationship between CCFL characteristics and the flow patterns was clarified. In the numerical
simulations, three-dimensional calculations for these tests and the actual PWR hot leg condition
were conducted using the two-fluid model. Good agreements between measured and predicted flow
patterns and CCFL characteristics were obtained by using an appropriate set of correlations for
interfacial friction coefficient. In addition, CCFL characteristics arranged by Wallis parameter were
close to those of scale model calculations. The combination of calculation model and interfacial
friction coefficients used in this study can predict the counter-current flow in a hot leg qualitatively
and quantitatively. This paper reviews the results obtained in this series of researches.

Keywords mid-loop operation, reflux condensation, hot leg, flow pattern, counter-current flow, CCFL
characteristics
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ai  area concentration [m2/m3]
C  CCFL constant [ —]
Cp interfacial friction coefficient [ —]
D, hydraulic diameter [m]
Di  dimensionless hydraulic diameter [ —]
F; interfacial friction force [N/m3]
g  acceleration of gravity [m/s2]
J  volumetric flux [m/s]
J* dimensionless volumetric flux [—]
m  proportional constant [ —]
u, relative velocity [m/s]
Ve drift velocity [m/s]
void fraction [ —]
density [kg/m3]

o  surface tension [N/m]
:l \\!—.?-!

A annular

B bubbly

G gas (air or steam)

) gas-liquid interface

n inlet

L liquid
out outlet
S slug
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