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Payloads requiring insertion into high altitude orbits are delivered using upper stages normally employing cryogenic propellants. During the transfer period between low and high earth orbit, the upper stage may coast for several hours during which the thermal state of the propellants may vary substantially due to solar heating. At the conclusion of the coast phase and in preparation for orbital insertion, the propellants must be within a defined range of temperature and pressure for the engine to properly resume operation.

In order to perform adequate predictions of the propellant state at the conclusion of the coast phase, a mathematical model of stratification of the cryogenic liquid is essential. This work develops a reduced-order, analytical model to predict the state of the stratified propellant taking into account thermal conditioning of the stage, which is accomplished by spinning the spacecraft about its longitudinal axis. The model also takes into account other important phenomena, including: a microgravity environment, molecular diffusivity between propellants and corresponding pressurants, buoyancy induced recirculation, and thermal conduction within the liquid propellant and aluminum tanks walls. Preliminary computational fluid dynamics simulations of stratification in a rotating environment are also presented and compared with the analytical model.
