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Nonlinear resonances of sloshing liquids are notoriously difficult to predict and occur e.g. in tank 

ships transporting liquified natural gas or in rockets using cryogenic liquid fuels. We perform

fundamental sloshing experiments by oscillating a rectangular tank partially filled 

with water. By measuring the motion of the liquid’s centre of mass, we provide 

direct comparisons to state-of-the-art models. We find that only a novel data-

driven spectral submanifold method can predict the measured nonlinear

responses. Additionally, we reveal large scale vortices which form under-

neath the surface. These greatly enhance mixing and should thus be

included in heat transfer models of e.g. cryogenic rocket fuel.
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