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NUMERICAL STUDY ON GAS-LIQUID INTERFACE WAVES IN PARTIALLY FILLED
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Abstract  The characteristics of liquid-gas interface movement, as well as the distribution and motion of the liquid and
gas phases, under the interference of residual gravity or acceleration in partially filled tanks in microgravity are the key
fundamental for advanced space fluid management technology. According to the general configuration and size of space
propellant tanks, three scale-down models are designed based on the similarity criterion of the Bond number. The gas-
liquid two-phase flow and the wave propagation along the interface caused by changes in gravity in the prototype tank
and scale-down models are numerically simulated. The numerical simulations verify the flow similarity among the
prototype tank and the scale-down models. It is found that on the premise of satisfying the similarity criterion of the Bond

number, the systems also approximately satisfy the similarity criterion of the Weber number, or equivalently,
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approximately satisfy the similarity criterion of the Froude number. In addition, the results also show that there exist
slight deviations among the prototype tank and the scale-down models, which may be mainly caused by the difference of
viscous dissipation. Based on the similarity criterion of the Weber number, with the increase of scale, the size of tank
decreases, the driving forcing by the surface tension after the change of gravity strengthens, the flow velocity increases,
and thus the viscous dissipation increases at the same Weber number. The numerical results in this paper confirm the

above conclusions. The relevant findings can be helpful for the design of ground simulation tests of the liquid

management technology of space propellant tanks.
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Fig. 1 Schematic diagram of the prototype tank
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Table 1 Material parameters of the gas and liquid phases

Fluid materials Helium (gas) Oxygen (liquid)
density/(kg-m™) 1.230 1200
dynamic viscosity/(pPa-s) 8.385 279.1
surface tension/(N-m™") 0.0162
contact angle/(°) 10
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Table 2 Parameter design of the scale-down models

Tank Volume/L Radius/mm Gravity/(m-s?)
prototype 1.27 x 10* 1500 8.45x 107
model | 1.27 x 10° 696 3.92x 107
model II 1.27 x 10? 323 1.82x 1072
model 1T 12.7 150 8.45 % 1072
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Table 4 Wave speed analysis
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