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Stretching and relaxation of polymer solutions
Many natural or industrial fluids contain polymers in solution. In a flow, the solvent will im-
pose stress on these polymers, which may adapt by changing conformation, by stretching, by
moving, etc; this evolving microstructure retroacts onto the flow and gives it non-Newtonian
properties; the different time scales involved at the microscopic level are key to understan-
ding and modelling the flow. When a drop of polymer solution detaches, the stress acting on
the neck that binds the drop to the rest of the liquid increases dramatically. The solution ini-
tially behaves like a Newtonian fluid; when the neck is too thin it becomes viscoelastic [1].
The viscoelastic properties appears through the formation of a long thread in which polymer
chains are strongly stretched (Fig. 1). The transition between the two regimes has recently
been shown to be remarkably universal: it does not depend on solvent viscosity nor polymer
concentration nor molar weight [3]. Moreover, the time scale of the transition is quite different
from the usual relaxation time of the polymer and follows different power laws. This particular
result raises questions regarding which relaxation time is relevant in the modelling of polymer
solutions, and how it can be measured.

The internship goal is to explore experimentally the spectrum of relaxation times in original
configurations. The experimental work will consist in high-speed imaging of capillary flows
(such as Fig. 1) and rheological measurements.

Figure 1: Extension, thinning and pinch-off of a droplet of aqueous solution of polyethylene oxide
(PEOQ). The nozzle is 2.75mm-wide.
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