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Fig. 1 Schematic diagram of experimental system
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Fig. 2 Flowchart of image processing

and bubble parameter extraction
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Fig. 3 Image processing schematic diagram
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Fig. 5 Flow pattern changes at different oxygenation concentrations
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Bubble Behavior and Flow Pattern Evolution of Oxygen Injection in
In-situ Leaching Uranium: A Case Study of Static Mixers

DANG Junjie, CAO Minggian, WANG Ya’an, YUAN Yuan
(China Nuclear Mining Science and Technology Corporation, CNNC, Beijing 101149, China)

Abstract: In the oxygen injection process of “CO,+,” in-situ leaching uranium, oxygen is prone to
bubble coalescence and flow regime deterioration during long distance transportation, which in turn
induces gas blockage, resulting in intermittent liquid injection, and decrease in leaching efficiency. To
reveal the mechanism by which bubble size evolution regulates flow stability, this study designed a vi-
sualization experimental system for static mixers used in in-situ leaching uranium. Particle shadow ve-
locimetry (PSV) was employed in combination with multi-stage image processing techniques—inclu-
ding Gaussian filtering, adaptive threshold segmentation, and morphological reconstruction. To achieve
high resolution in-situ observation of micro bubble size, distribution and dynamic behavior. The results show
that as oxygen concentration increase from 15 mg/L to 700 mg/L, microbubble diameter (ds;,) rise from
528 ym to 823 pm. Conversely, increasing water flow rate from 0. 5 m*/h to 2. 0 m®/h, microbubble diam-
eter(ds,) reduce from 945 pm to 412 pm, indicating significantly enhance dispersion capability. With
rising oxygen concentration, the flow patterns evolve sequentially from fog flow, through bubble flow
and transition flow, to slug flow. In the slug flow pattern, the big bubbles periodically collapse, lead-
ing to frequent gas blockage issues on-site. This study demonstrates that the proposed image process-
ing method provides highly reliable data for microbubble size distribution, coalescence frequency., and
flow pattern identification, offering a solid foundation for process optimization and control of oxygen
injection in in-situ leaching uranium.

Key words: in-situ leaching of uranium; oxygen injection; static mixers; gas-liquid two-phase flow;

image processing; flow pattern evolution; bubble behavior



