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Biomembranes  are  the  basic  separation  structure  in  cells.  Their  complex  behaviour,  rich 
physical  properties  and  dynamics  have  been  the  object  of  experimental  and  theoretical 
investigation for biologists, chemists and physicists for many years. Bio-membranes are made 
out  of  several  kinds  of  lipids  self-assembled  in  a  fluid  bilayer,  which  presents  a  fluid 
behaviour  in-plane  and  solid  out-of-plane  (curvature  elasticity).  Vesicles  are  closed  fluid 
membranes, which play an important role in biophysical processes such as the transfer of 
proteins, antibodies or drug delivery into the cells. Vesicles serve as simplified models of 
more  complex cell  membranes,  as  well  as  the  basis  for  bio-mimetic  engineered  systems. 
Biomembranes only exist in solution and intimately interact with the surrounding fluid, which 
owing to  the  characteristic  sizes  and  velocities,  can  be  modeled  with  the  incompressible 
Stokes equations.

Phase-field models provide a simple and powerful way to handle multiple effects due to their 
versatile structure. These models are particulary suitable to be applied on variational schemes 
where  energies  can  be  directly  described  by  the  phase-field,  thus  naturally  blending  the 
physics with the diffuse interface. In this paper we start from our  previous work on vesicle 
simulation  [1,2]  and  extend  our  Lagrangian  meshfree  [3]  phase-field  method  for 
biomembrane-fluid flow mechanics from axisymmetry to 3D, exploiting the scientific parallel 
library PETSc. This model and computer implementation allows us to analyze the dynamics 
of vesicles under genuinely 3D conditions. In particular, we analyze the morphogenesis of 
tubular structures under adhesion and confinement [4]. 
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