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is of great significance to space fluid management. Taking into account of the important role of the tank
wall’s wetting characteristics, this paper draws on the idea of designing the surface of the square column
micro-structure in the field of heat transfer enhancement, and puts forward a passive anti-shaking idea of
the space tank by using the damping effect of the square column micro-structure wall on the liquid oscil-
lation. In addition, the gas-liquid interface oscillation characteristics in a special-shaped basic unit
formed by a square column microstructure were numerically simulated by using the Volume of Fluid
(VOF) method, and the variation of the free liquid surface characteristics with time was analyzed. In
particular, the oscillation frequency, damping characteristics and other parameters closely related to the
energy dissipation characteristics of the system were discussed, which provided the reference basis for
space applications. The results show that the gas-liquid interface within the square-column microstruc-
ture produces a repositioning phenomenon accompanied by damped oscillations when gravity plummets
from a strongly overloaded state. The initial liquid level height mainly affects the amplitude of the lig-
uid surface oscillation. An initial liquid level lower than 30 pm leads to a bottoming out of the liquid sur-
face during the oscillation process, which increases the damping ratio. In the absence of bottoming out,
the higher the initial level is, the lower the amplitude of the oscillation is. The contact angle affects the
amplitude and damping ratio of the oscillation process, and both the amplitude and damping ratio de-
crease gradually as the contact angle increases. In a wide gravity range, the magnitude of the final gravi-
ty level is between microgravity and 10 times normal gravity, the gas-liquid two-phase flow characteris-

tics inside the square-column microstructures are similar, and the gravity effect is rather weak.
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Table 1  Physical properties of gas and liquid
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Table 2 Vibration fitting parameters of feature

points and centroid

Point Ao /mm ¢ wa/(rad-s ")
1 1.90x10° 0.0776 78000
2 7.00x10°° 0.0362 170000
3 1.35x10° 0.0817 78000
4 8.15x10° 0.0665 78000
5 2.10x10° 0.0742 78000
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Table 3
different initial liquid levels

Vibration fitting parameters at

h/pm Ap /mm < wa/(rad-s )
20 1.1x10°¢ 0.0713 64114
30 1.7x10°¢ 0.0793 75398
60 1.0x10° 0.0624 87965
90 7.0x10 7 0.0624 87965
120 5.0x10" 0.0624 87965
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Table 4 Vibration fitting parameters at

different contact angles

0 Ag /mm ¢ wa/(rad-s ")
15° 1.6x10° 0.1055 75398
30° 1.0x10° 0.0624 87965
45° 4.0x10°" 0.0298 100530
60° 1.6x10 " 0.0219 100530
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