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Abstract During the main-engine shutdown process of a liquid launch vehicle, the
axial acceleration developed within the liquid propellant tank rapidly decays to zero
within a very short duration of time. This transient process can potentially induce an
amplification in the propellant sloshing amplitude contained inside the tank, thereby
exerting a significant impact on the overall flight attitude stability of the launch
vehicle. In this study, a three-dimensional, two-phase numerical simulation model is
established to evaluate the propellant sloshing behavior inside the propellant tank
under a sudden drop in axial acceleration. Based upon this established numerical
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framework, the distinct differences and characteristics of the fluid flow responses
associated with different initial sloshing phases at the exact temporal onset of
acceleration decay are systematically analyzed. The numerical simulation results
indicate that, following the rapid decay of axial acceleration, the liquid propellant
climbs rapidly along the interior tank wall driven by fluid inertia, and exhibits a clear
tendency to surge upward to the top section of the tank. Furthermore, the initial
sloshing phase is found to exert a highly significant and direct influence on the
subsequent dynamic sloshing response of the propellant. Crucially, the residual
sloshing kinetic energy of the propellant at the exact instant when the axial
acceleration decreases to zero is identified as the key factor governing and
determining the subsequent propellant flow pattern and gas-liquid interface
evolution. The comprehensive analysis clearly demonstrates that there exists an
optimal phase for the engine shutdown sequence. By implementing the shutdown at
this specific phase, the remaining residual sloshing kinetic energy upon entering the
subsequent microgravity coasting phase can be effectively minimized. In conclusion,
the quantitative results and physical insights obtained from this research can provide
a useful reference for the precise timing design of main-engine shutdown sequences
as well as the optimization of propellant management strategies during the
microgravity phase.
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Table 1 Physical properties of liquid oxygen and oxygen
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Table 2 Summary of calculation conditions
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Table 3  Axial position of propellant centroid under different grid numbers
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Fig. 15 Variation of propellant kinetic energy
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