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Experiment on Gas Entrainment at Free Srface:
Study on Bubble Entrainment Mechanism

Hideaki Monji*, Hideki Kamide**

ABSTRACT

This paper deals with unsteady behavior of free surface vortices at an upper plenum in a reactor. In
the compact reactor investigated, the coolant velocity increases and gas entrainment at the free surface is
feared to occur. The estimation of the onset condition of gas entrainment is an important factor for
design of the reactor. Therefore, the study on the unsteady characteristics of the free surface vortex is
important.  The gas entrainment due to the free surface vortex is a time series of phenomena; (i)
formation of a vortex dimple on the free surface, (ii) development of the gas core of the vortex by a
downward flow, and (iii) gas entrainment by the separation of bubbles at a tip of the gas core. In this
study, the gas entrainment by the bubble separation is focused on and the unsteady behavior of the gas
core by the fluctuations of the flow conditions is investigated experimentally.

In the experiment, an apparatus having a simple geometry, similar to that used in the study on a
steady free surface vortex, was used. The circulation was generated in a cylindrical vessel with a
tangential slit injection and the downward flow was by a suction pipe at the bottom. The free surface
vortex developed due to the circulation and the downward flow. The working fluid was water and the
vessel is under the atmospheric air. In order to know the unsteady behavior of the gas core, the
injection flow rate into the vessel was changed as a sine wave, and the time series of the gas core
geometry was measured by a stereo image processing.

The results of the study are mainly as follows;

(i) The gas core length changed with the water flow rate but the shape of the fluctuation of gas core
length was not a sine wave. The gas core length decreased suddenly when the water flow rate
decreased. This corresponds that the characteristic time of the flow for the increasing flow rate is
Tonger than that for the decreasing flow rate.

(ii) The gas core length under the fluctuating flow rate was shorter than that under the condition of the
fixed water flow rate which is the same as the maximum water flow rate of the fluctuating flow.
This fact suggests that the gas entrainment always does not occur under the fluctuating flow rate
condition where the gas entrainment occurs under the fixed flow rate that is the same as the
maximum flow rate of the fluctuating flow.

(iii) The fluctuation of the gas core length did not show periodic clearly with longer period of the
flow rate fluctuation because a turbulent effect of the flow became obvious.

* Graduate School of System and Information Engineering, University of Tsukuba

** New Technology Development Group, Advanced Technology Division, OEC, INC
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