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Abstract

After spherical fuel elements are loaded into the storage tank, they must be extracted via the spent fuel pneu-
matic conveying subsystem when needed. This process relies on negative pressure suction, where the elements
are drawn out of the tank through a suction hose and transported to the downstream conveying pipeline. In
this study, computational fluid dynamics (CFD) simulations are conducted to investigate the suction feasibility
of spherical elements positioned at various initial locations. The effective suction region under a maximum
airflow rate of 300 m*/h is identified, and the associated flow field characteristics are analyzed. The results
indicate that the drag force acting on the spherical element during suction is closely related to its position.
As the element approaches the suction inlet, it experiences an asymmetric flow field, resulting in a movement
trend toward the central axis of the suction pipe, which facilitates subsequent stable transport. During the as-
cent, although the drag force exhibits slight fluctuations, it consistently exceeds the gravitational force of the
element, ensuring continuous transport. Overall, stable suction can be achieved when the spherical element is
located within approximately 15 mm outside the 45° inclined suction nozzle. These findings provide valuable
guidance for the design and optimization of spent fuel conveying systems and offer theoretical support for
pneumatic suction of spherical objects in other engineering applications.
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