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Abstract Effective management of liquid propellants in spacecraft tanks is essential for ensuring the stable
and reliable operation of propulsion systems. Under microgravity conditions, liquid sloshing can generate
substantial disturbances to spacecraft attitude control and impose significant structural loads, rendering effective
suppression strategies indispensable. Consequently, Research on fluid management devices-particularly anti-
sloshing baffles-not only advances understanding of the fundamental mechanisms of liquid sloshing, but also
provides critical technical guidance for the design of space fluid management systems. In this study, the sloshing
behavior of partially filled tanks equipped with different anti-sloshing baffle configurations is investigated under
terrestrial (normal gravity) conditions using high-fidelity numerical simulations. The gas—liquid interface was
captured using the Volume of Fluid (VOF) method. The influence of tank sloshing on the internal flow field was
modeled through a mesh motion approach, in which the tank was subjected to prescribed harmonic excitation. Key
dynamic parameters, including the dominant sloshing frequency and damping ratio, are extracted to quantitatively
characterize the liquid’s oscillatory response under external excitation. The results indicate that the damping ratios
of all configurations can be accurately identified by fitting the sloshing force time-history with decaying harmonic
oscillation models. Among the configurations examined, the double-sided perforated baffle significantly increases
the system damping ratio, thereby accelerating the dissipation of sloshing energy and providing superior
suppression performance. In contrast, the single-sided perforated baftle reduces the damping ratio and consequently
weakens the anti-sloshing effectiveness. Furthermore, dedicated sloshing experiments are conducted to validate the
numerical results, and the close agreement between experimental and numerical damping ratios confirms the
reliability of the proposed identification method. Based on these findings, the double-sided perforated baffle is
recommended for propellant tank fluid management design. This configuration not only achieves effective sloshing
suppression but also reduces structural mass through the use of perforations, offering substantial practical value for
engineering applications.
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Fig. 1 Structural diagram of spherical tank with anti-slosh baffles
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Fig. 3 Sloshing process and sloshing force curves for tanks with various anti-sloshing baffle designs
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Fig. 4 Experimental platform and anti-slosh baffles
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Fig. 6 Evolution of oscillations and frequency spectrum of the three-phase contact point in a baffled tank

X =AH R S R E N AR A, AT AR B = AP AR AR RS e, R 1 iR, WTRLE
B, g vH SR B A BUE AL 5 BB BRI R R ZE AT 15%, AL E 1B AR i e i
SR IEE .

® 1 BHRIRESEEAMBUEFE R EXIEE



Tab. 1 Comparison of experimental and numerical damping calculations for baftles
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