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Abstract

Small moonlets in Saturn’s rings induce propeller
called structures into the surrounding ring material.
Images of Saturn’s rings, taken by the Cassini space-
craft near Saturn’s equinox in 2009, show shadows
cast by these propellers [1], offering the opportunity
to study their vertical structure.

We compare results from an extended hydrodynam-
ical propeller model with results from local N-body
box simulations of propeller structures. In the hydro-
dynamical model, maximal propeller heights are de-
termined from the gravitational scattering of the ring
particles by the moonlet. Afterwards the disturbed bal-
ance of viscous heating and collisional cooling is con-
sidered as main mechanism of the propeller height re-
laxation [2]. For the N-body box simulations we use
the code by Salo [3], which was also applied in the
propeller simulations of [4] and [5].

We find that the exponential height relaxation pre-
dicted by the hydrodynamical modelling is confirmed
by N-body simulations of non-self gravitating ring par-
ticles. By projecting the propeller height evolution
of the hydrodynamical model into observations of the
shadows cast by the Earhart propeller, we determine
the exponential cooling constant of the height relax-
ation. With this cooling constant we estimate collision
frequencies of about 6 collisions per particle per orbit
in the propeller gap region or about 11 collisions per
particle per orbit in the propeller wake region of the
Earhart propeller.

The N-body simulations lead to maximal propeller
heights between 60 to 70 percent of the Hill radius of
the corresponding moonlet. Moonlet sizes estimated
by this relation are in fair agreement with size esti-
mates from radial propeller scalings [5, 6] for propeller
structures with observed shadows.
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