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Abstract: During the flight of the launch vehicle, the propellant sloshing and wave surface breaking in the
fuel tank impose a large disturbance force to the fuel tank. The disturbance will affect the flight stability if it is not
effectively controlled. To study the effects of propellant sloshing on the tank structure, a nonlinear dynamic model
of liquid sloshing in a cylinder tank is established. The proposed model combining Fluid Volume Method and Lev-
el Set Method is used to describe the breaking wave. Besides, the numerical calculation is carried out for analyz-
ing the large sloshing of a 3D cylinder tank under various liquid rates. Then the changes of the free surface area,
the force of the liquid on the wall, the sloshing velocity of the liquid and the center of liquid mass are obtained.

Through the comparison of the calculation results under three liquid rates of 30%, 50% and 70%, it is found that
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the liquid in the launch vehicle tank changes from linear sloshing to nonlinear sloshing during the flight. More-

over, the liquid rate directly affects the sloshing intensity, the force on the wall, and the occurrence of nonlinear

phenomena such as liquid wave breaking. The liquid rate of 50% is a relatively dangerous working condition.

Key words: Liquid rocket engine; Tank; Sloshing; Wave surface breaking; Nonlinear; Liquid rate
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Fig.1 Coordinate system for the derivation of basic slosh
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Fig. 2 Locations of boundaries for nonlinear slosh analysis

(cylinder tank)
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