Investigating Enceladus’ plumes dynamics through laboratory experiments
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Since its observations with Voyager 2, Saturn’s moon Enceladus was seen to be active, resurfacing and
resulting geologically younger in certain areas [1]. The Cassini mission showed other evidences of this
activity, such as cryovolcanism, powered by tidal dissipation [2]: a salty water ocean laying underneath the
icy crust and ejecting material through geysers, the so-called plumes [3]. The flow reaches supersonic
velocities, highlighting that plumes are due to (an adiabatic) expansion of the gas through the nozzle-shaped
cracks, observed in the south polar region of the moon [4]. Icy grains are formed due to nucleation of water
at the surface of the ocean and in the crevasses [5]. We developed an experimental setup to study how the
liquid water from the Enceladean ocean is ejected through the plumes and verify that under the icy moon’s
conditions the flow reaches supersonic velocities. The laboratory model includes a liquid water reservoir,
corresponding to the ocean, and a nozzle, corresponding to the crevasses. We measured pressure and
temperature along the nozzle to determine the influence of the reservoir and vent conditions (pressure,
temperature) on the velocity, pressure and temperature profiles in the nozzle. We repeated the experiment for
different nozzle geometries to determine their effects on the plume’s characteristics. Using the results of
several experiments, we discuss how the plumes’ observations reported by Cassini can be linked with the
characteristics of the icy crevasses and the depth of the sub-surface ocean.
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