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Abstract

The bidirectional propellant transport experiment of surface tension tank in a microgravity environ-
ment under 85 working conditions was successfully carried out on the Chinese Space Station in 2023. The
surface tension tank model 1 was a spherical tank for fluid fully managed, and the surface tension tank
model 2 was a capsule-shaped tank for fluid semi-managed. Experiments on space fluid management and
storage, as well as bidirectional fluid transfer between tank model 1 and tank model 2 under multiple
driving modes were carried out. The characteristics of fluid morphology and flow under surface tension
control and driving in fully managed and semi-managed tank structures were obtained. Various gas-liquid
configurations and large-scale irregular bubble coalescence processes within the tanks were observed. The
mechanical properties such as the change in the tank’s center of mass during the filling and emptying
processes in microgravity environment and the transport efficiency of the new plate-type structure were
explored.

A theoretical model of the gas-liquid profile in the tank with a central column was established, and
an accurate prediction method for the annular gas-liquid morphology under microgravity was proposed.
The deformation law of bubble morphology and the flow law driven by surface tension were revealed. The
fluid management performance of the tank under multiple driving modes in microgravity environment
was verified.

This space technology verification of the scaled model tank can provide references for the design of
plate-type surface tension tank structure and power drive, the Prediction of Residual Propellant, and the
change in the tank’s center of mass, making beneficial explorations for the in-orbit natural refueling and
replenishment of spacecraft, and providing scientific and technical support for the efficient and reliable
application of plate-type tanks in spacecraft.
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