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Abstract: Based on the theoretical analysis and numerical simulation, a non-collapse surface and
anti vortex blade discharging scheme for the common bottom compartment of the new generation
manned launch vehicle universal stage is proposed. By optimizing the starting point radius of the
surface, it is further ensured that there is no obvious liquid surface collapse during the discharging
process. Compared to the traditional discharging scheme of disc and inverted cone , the simulation
and scaling test results of the non-collapse surface discharging scheme show that there is no obvi-
ous gas-liquid mixing or vortex entrainment during the discharging process of the tank, and the
propellant in the tank can be fully utilized. On this basis, the Wallis two-phase drift model is used
to conduct theoretical research on the propagation velocity of two-phase media in the conveying
pipeline, and combined with the experimental results of bubble motion velocity during the dischar-
ging process, a criterion for the available amount of propellant in the conveying pipeline is pro-
posed.
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Fig. 1 Layout of Falcon 9 rocket secondary conveying system

B2 MARXHNSMEEEIFHREER
Fig. 2 Diagram of the space shuttle

oxygen tank discharging device

B3 K4 ISHRTERES
Fig. 3 Ares I oxygen tank Vortex baffle structure

B4 BBERHEMHRESEH
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Fig. 5 Primary oxygen conveying system of Saturn V
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Fig. 6 Schematic diagram of the tank discharge
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Fig. 7 Non-collapse discharge surface with

different starting radius
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Fig. 8 Pressure contours of liquid surface collapse time with different starting radius
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Fig. 9  Non-collapse discharge surface pressure contours of discharge at different times (starting radius with 1 meter)
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Fig. 10 Pressure contours of liquid surface collapse time

with the disk and inverted cone
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Tab. 2 Statistics of gas flow time in

oxygen conveying pipe (water)
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Tab. 3 Bubble velocity at different inlet void contents (water)
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Fig. 11 Schematic diagram of the discharge scaling test system
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Fig. 12 Field diagram of discharge scaling test system
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Tab. 4 Oxygen tank scaled output flow rate of each module
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Tab. 5 Analysis of the propagation characteristics of two-phase media in conveying pipes
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