Looking inside granular jumps down inclines thanks to dynamic X-
ray radiography
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When rapid shallow (supercritical) flows become thicker and slower (subcritical), the medium forms
a transition region that is typically called a jump. The properties and dynamics of such jumps in
water have been widely studied in hydraulics studies; similar jumps have been observed in granu-
lar media [1, 2]. A general relation based on the depth-averaged mass and momentum equations
was recently proposed and checked against a wide range of laboratory data in order to predict the
relative height of the jump [3]. However, the predictability of this relation requires the knowledge
of several properties, including the length and effective friction of the jump, and its density evolution.

Discrete Element Method numerical simulations have been developed [4], which recreate stand-
ing granular jumps observed in recent laboratory tests [2]. All the micro and macro parameters
inside the jumps are accessible, thus allowing us to study how the geometry and flow regimes (with
or without recirculation) of the jump depend on the various parameters, such as the slope, mass dis-
charge, grain diameter and the interparticle friction.

In laboratory experiments it is less obvious how to access the interior of tested media, particu-
larly in fast dynamic experiments of flowing granular jumps. An innovative non-invasive dynamic
technique using X-ray radiography [5] has been recently developed to enable such measurements.
This technique avoids boundary layer effects owing to the fact that the X-rays penetrate through
the entire width of the flume, which gives a width-averaged value, in contrast to optical methods
that measure grain motion along the walls. This allows to recreate a two dimensional map of the
width-averaged local density within the fast varying free-surface flow that occurs through the jump.
A series of carefully designed experiments have been carried out under different input conditions.
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