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Abstract: Carrying out the experimental researches on the two-phase countercurrent behaviors in the
flow unit of reactor core can provide sufficient theoretical supports for the smooth operation and
emergency treatment of different forms of the reactor systems. In this research, the flooding
phenomenon, the characteristics of flow parameters and formation mechanisms of parallel and
countercurrent flooding instability of annular flow in rod bundle channel were analyzed, and the result
indicates that one flooding cycle could be divided into the onset flooding region, the full flooding region

and the whole liquid phase downstream region. The experimental conditions where the flow instability
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appeared in the rod bundle structure are in the flooding state according to the criterion from Wallis, but
on the conversion line of flooding and not flooding state according to the criterion from Zapke and
Alekseev. The experimental pressure drop changing with time was compared to the instability behaviors
of annular flow, and the result shows that when the pressure drop reaches a local maximum, the high-
speed photography captures the starting point of onset flooding region, and when the pressure difference
reaches a local minimum, the starting point of whole liquid phase downstream region is seen in the field
of view. According to the high-speed photographic image data processing, the parallel flow time, the
countercurrent flow time and the overall cycle time were acquired and analyzed. When the liquid phase
flow rate is lower than 0.1 m/s, the overall cycle time does not change significantly, and the parallel
flow time is lower than the countercurrent flow time. When the liquid superficial velocity is within the
range of 0.1-0.3 m/s, the overall cycle time decreases with the increasing gas superficial velocity, and
the time ratio of the parallel and countercurrent flow time changes little. When the liquid superficial
velocity is higher than 0.3 m/s, the time ratio increases with the increasing gas superficial velocity. The
study on the micelle velocity for onset-flooding shows that when the liquid superficial velocity is lower
than 0.2 m/s, the micelle velocity for onset-flooding is higher than the gas velocity. The value with
which the micelle velocity for onset-flooding is higher than gas superficial velocity decreases gradually
with the increasing liquid velocity. At some conditions with high gas velocity, the micelle velocity for
onset-flooding is lower than the gas superficial velocity when the liquid superficial velocity is higher
than 0.2 m/s. The formation mechanisms of parallel and countercurrent flooding instability depend upon
the changing force of gas core and the effect of liquid gravity in different flooding regions.

Key words: rod bundle channel; annular flow; flow instability; countercurrent flow
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Fig. 1 Schematic diagram of experimental system
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Fig.2 Schematic diagram of rod bundle channel structure and high-speed photography system
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Fig. 3 Image processing in high speed photography
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Fig. 4 Peak-finding process for relative pressure drop
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Fig. 5 Analysis of annular flow instability in rod bundle channel
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