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Abstract: Attitude adjustment is needed during rockets’ flight processes in order to meet the orbit
requirement. The rocket’s attitude adjustment process will introduce propellant sloshing in the
cryogenic tank, resulting in some uncertain effects such as variations of gas-liquid contact area,
heat transfer process, evaporation/condensation process, and propellant flow behavior. In fact, in-
itial propellant sloshing during the coasting-flight phase has notable influence on the ullage
pressure and propellant flow behavior. In this paper, the influence of propellant flow behavior on
the cryogenic tank pressure is studied via numerical simulation using VOF method, on the basis of
literature research of cryogenic tank pressure and propellant flow behavior during the upper stage
flight of launch vehicles.
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Fig. 1 Pressure evolution in hydrogen tank of

Ariane 5 during its first flight™
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Fig. 2 Location of propellant in the tank at different times after beginning of the payload separation phase™!
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Fig. 3 Propellant location inside the LH2 tank (top) and the LOX tank (bottom) with the transition from a

circular ring shape fluid motion to a mainly settled motion (FIPS simulaiton)’
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Fig. 4 Dynamic behavior of liquid hydrogen visualized
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Fig. 5 Deformation of hydrogen during coasting

flight before SEIG2 in TF£ 1 of H- T A™
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Fig. 6 Deformation of hydrogen during coasting

flight before SEIG2 in TF# 2 of H- [ A™
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Fig. 7 Grid of tank structure
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Fig. 8 Comparison of calculation result with test data
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Fig. 9 Variation of ullage pressure in

tank with time (0° and 10° sloshing)
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Fig. 10  Variation of static temperature in tank with time (0° sloshing)
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Fig. 11  Variation of static temperature in tank with time (10° sloshing)
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Fig. 12 Variation of liquid volume fraction in tank with time (0° sloshing)
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Fig. 13 Variation of liquid volume fraction in tank with time (10° sloshing)
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