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Context & Motivation: When we imagine a car, or a bicycle, rolling over a water puddle, we
picture a spectacular lateral splash. While this common life phenomenon is interesting on its
own, the liquid flux entrained along the rotating wheel rim as sheets and films (figure 1) is not
only a crucial related issue but also a fundamental problem involving complex, multi-scale,
multi-phase flow physics in film coating processes, tribology (journal bearings) and even, in
microfluidic systems. This is the so-called inertial Landau-Levich drag-out problem [1]. More
recently,  we  demonstrated  that  many  time-averaged  flow  characteristics,  such  as  film-
thickness  and  sheet  height,  are  still  tractable  using  the  same  classical  lubrication
approximation, despite the complex, non-linear aspect of the problem [2]. In this context, new
experiments  strongly  suggest  that  the  origin  of  liquid  sheets  is  via  a  novel  type  of
ribbing/printer’s  instability  [3],  whereby multiple  sheets  form at  the rising side of  a  long
rotating cylinder. 

Internship objective: The intern will investigate experimentally the characteristics of this
inertial ribbing instability. On a more fundamental level, a first objective is to validate the
mechanisms  leading  to  the  formation  of  the  liquid  sheets:  is  this  an  acceleration-driven
instability (Rayleigh-Taylor type), or a pressure-gradient driven instability (Saffman-Taylor
type) by studying the transition to 3D flows, for example, with the help of Ultrasonic Doppler
Velocimetry (UDV). Furthermore,  he/she will then identify the key parameters that control
the instability threshold and pattern wavelength, in order to  provide the  building blocks for
further theoretical  and numerical  modeling (for example,  stability analysis  of the classical
Landau-Levich drag-out problem).

References:  [1] L. Landau & B. Levich,  “Dragging of a liquid by a moving plate”,  Acta
Physicochim (1942, URSS).  [2] J. John Soundar Jerome  et al., “Inertial drag-out problem:
sheets and films on a rotating disc”, Journal of Fluid Mechanics  (2021). [3] Rabaud, Marc.
“Dynamiques interfaciales dans l’instabilité de l’imprimeur”, Annales de Physique (1994).

Figure 1: Multiple sheets on the emerging side of a rotating cylinder: reminiscent of the 2D Saffman-
Taylor instability leading to interface digitization/fingering, when a fluid pushes a more viscous liquid.
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