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"STEAM~WATER INTERACTIONS IN A VERTICAL TUBE"

Virgil E. Schrock and Chi-Kou Fan
Department of Nuclear Engineering
University of California, Berkeley

Berkeley, California 94720, U.S.A.

When subcooled water is introduced into a vertical tube in which steam
is flowing upward, the phenomena of flooding are strongly influenced by
the condensation effects. This paper reports an experimental investiga-
tion that has delineated the flow regimes that occur. Flow regime
transitions have been identified through analysis and/or dimensionless
empirical correlations. A method of analysis has been developed to pre-
dict the oscillatory motion of a liguid plug that occurs in certain
regimes.

In the experiment steam was injected first into the bottom of a vertical
glass tube 38.1 mm in internal diameter. The steam was discharged from
the tube into a plenum/separator and residual steam flowed to condenser
at atmospheric pressure. After establishing steady state steam flow an
allowing time to heat up the test section, subcooled water was introduced
through a weir type injector. Tests were also performed with '‘saturated
water injection in order to obtain the hydrodynamic flooding line with
no thermal interaction. The steam~water interactions were observed vis-
ually and measurements were made of liquid penetrating to the lower
plenum, of liquid overflowed from the upper plenum, and of the conden-
sate drained from the condenser. Transient pressures were measured at
the bottom of the test section and temperature was measured at serveral
positions.



Flow patterns within the tube above and below water injection level were
studied for constant levels of water subcooling for ranges of steam and
water injection rates. For some combinations of steam and water inject-
ion rates the system rapidly approached a stable flow configuration within
both the upper and lower portions of the test section. More generally,
however, the flow patterns must be characterized as oscillatory or tran-
sient. Flow regime maps have been developed to describe the system
behavior. The cobrdinates of the maps are Kutateladze parameters based
upon the volumetric fluxes of the injected steam and water in the test
section cross section. Two of the major boundaries between flow regimes
are formed by (a) the flooding line for saturated water injection and
(b}the complete condesation line (this is the line representing the
amount of steam that can be condensed by the injected subcooled water).

When the steam flow exceeds the critical flooding limit and the subcool-
ing is more than sufficient for complete condensation, water accumulates
in the tube and may eventually form a plug of liguid. The plug oscil-
lates in position. Several distinct modes were identified depending upon
the injection rates. In all, nine flow regimes have been identified

for the the lower tube. The transition boundaries have either been pre-
dicted by theorectical analysis or represented by empirical correlations.
From these boundary descriptions it is possible to construct flow maps
for water subcooling levels different from those used in the experiments.
It should be noted, however, that changes in the system geometry will
probably change the positions of transition boundaries.

A simple model was developed to describe the oscillatory behavior of

the liquid plug. An essential element of the model is the condensation
rate. From analysis of the experimental data it is evident that this
rate varied by about two orders of magnitude depending upon the position
of the plug relative to the water injection port. Since the condensation
process is quite complex, the condensation rate was correlated as func-
tion of the Kutateladze numbers and the subcooling Jacob number in a
simple way. The model was used to predict the plug notion for the exper-
imental conditions. Reasonable agreement was achieved for both the
amplitude and the period of the oscillations.
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