Micro-objets déformables sous écoulement:
Dynamique de vésicules et capsules
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Vesicles and capsules

Liquid droplet surrounded by a
deformable membrane
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Vesicles Capsules
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Background and motivations

Encapsulation and vectorization

Protection, transport and release
Food industry, cosmetology, medical therapy...
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Cells within emulsion drops

Encapsulation of living cells within double
emulsion droplets produced by flow focusing

Choi et al., Lab on Chip, 2016
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Rheology of suspensions
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Single object Pair interaction

Lac et al, JFM, 2007
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Collective motion, rheology

Doddi & Bagchi, PRE, 2009
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Fahraeus-Lindqvist effect
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Pries et al., American Journal of Physiology, 1992
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Pries et al., American Journal of Physiology, 2005



Model system for red blood cells
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Cytoskeleton Spectrin network ~ Schematic view of RBC membrane
Byers et al., PNAS, 1985
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Lipidic bilayer —> vesicle Spectrin network —> polymeric capsule
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Lipid bilayer Polymeric membrane
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Vesicle: model system for cells
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Modelization of living cells behavior ENDOCYTOSE
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Kantsler et al., 2005
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Short selection of actual topics
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Shapes and migration in Poiseuille flow

Self diffusion of RBC jet
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Outline

Lecture 1: Basic notions, modelization

Fluid and flow descriptions
Interfacial mechanics for vesicles and capsules
Coupling conditions

How to describe such complex system?
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Lecture 2: Dynamics of vesicles and capsules in unbounded shear flow

Keller Skalak Model —> tumbling and tank-treading dynamics
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Single object in shear flow

Viscosity contrast

Tumbling

Tank-treading
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Keller Skalak model
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Lecture 2: Dynamics of vesicles and capsules in unbounded shear flow

Real phase diagram for vesicles
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Phase diagram for vesicles
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Lecture 2: Dynamics of vesicles and capsules in unbounded shear flow

Real phase diagram for capsules
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Kessler et al., JFEM, 2008

Phase diagram for capsules
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Lecture 3: Lift velocity and pearling instability

Vesicle/capsule dynamics near a plane wall
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Abkarian et al., PRL, 2002
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Lecture 3: Lift velocity and pearling instability

Tubular vesicle pearling instability

Pearling instability
Destabilization of a tubular vesicle

Kantsler,et al. PRL, 2008
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