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Abstract
The development of modern aerospace has put forward higher requirements for the carrying
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capacity and on-orbit time of spacecraft, resulting in an increasing proportion of liquid fuel, and
the sloshing of liquid fuel will have a significant impact on the attitude control and stability of
the spacecraft. In this paper, the hydrostatic surface configuration and the natural frequency of
liquid sloshing of axisymmetric ellipsoidal tanks in microgravity environment are analyzed
analytically. In the microgravity environment, the hydrostatic surface is meniscus, and obtain-
ing the configuration of the hydrostatic surface of liquid-filled fuel container is the premise of
studying liquid sloshing. The liquid-filled vapor-liquid interface configuration of the axisymme-
tric ellipsoidal tanks is obtained by solving the nonlinear ordinary differential equation using
the Runge-Kutta method. Based on the spherical coordinate system established in this paper,
the governing equations of liquid sloshing are deduced by the variational principle and the
principle of minimum potential energy. The mode functions of velocity potential and liquid sur-
face displacement are expressed by Gauss hypergeometric series, and the governing equations
are transformed into standard eigenvalue problem by Galerkin method. The frequency equation
in the form of a numerical problem is used to obtain the liquid sloshing frequency of the axi-
symmetric ellipsoidal tanks under different working conditions, and the influence of the Bond
number and the geometric size of the tank on the liquid sloshing frequency are studied. This re-
search conclusion can provide reference for liquid sloshing and the overall design of spacecraft
in microgravity environment.
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Figure 1. The diagram of liquid static surface in an ellipsoidal tank
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Figure 2. Numerical calculation results of the shape of the hydrostatic surface of the spherical tank and experimental results
of Droptower: (a) Bond =0.53,a=14",7=0.5,b=1;(b) Bond=0.53,0=14",7=0.8,b=1
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Figure 3. Hydrostatic surface shapes of ellipsoidal tank with different filling ratios under microgravity: (a)
Bond =10, =10",b=1.5; (b) Bond =10, =10",b=1;(c) Bond =10, =10",b=0.75
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Figure 4. Three-dimensional diagram of the shape of the hydrostatic surface in an ellipsoidal tank in microgravity: (a)
Bond =1, =25",7=0.5; (b) Bond=10,a=25",7=0.5;(c) Bond =100, =25",7=0.5
B 4. MEDMETHICHENEFRER A =4E: (a) Bond=1a=25,7=0.5;(b) Bond=10,a=25,7=0.5;(c)
Bond =100, =25°,7=0.5
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Figure 5. Ellipsoidal containers and coordinate systems
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Figure 10. The relationship between the dimensional frequency of liquid sloshing in the ellipsoidal tank and the Bond num-
ber: (a) b=0.75,a=5";(b) b=lLa=5;(c) b=135a=5
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