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Large-scale dynamical simulations have been previouslgenjd] to study sedimentation and shear-flow
rheology of concentrated emulsions of deformable drops#e ftapilllary numbersCa. In many practical
situations, though, deformability is small and prior siatidn methods [1] meet prohibitive difficulties in
this case due to localization of stress between nearlyhiogcalmost spherical drops and very tight stability
limitations on the time step, etc. As the limiting case, welgthere sedimentation and shear-flow rheology
of emulsions of spherical drop€a=0.

In the absence of deformation, drops make 'contacts’ in teftitne (despite singular lubrication), even
in the absence of van der Waals forces. The algorithm dyraiyitraces these 'contacts’ and incorpo-
rates 'contact’ forces (representative of lubricatiorcés between slightly non-touching slightly-deformed
drops); drops separate when the contacts become unloadgzbchal iterative scheme is developed for the
coupled contact mechanics-fluid mechanics problem, whiotva calculation of these forces subject to the
requirement of no-flux between contacting drops. The hyghrathical part is handled by economical mul-
tipole techniques [1,2], with some new features for fasefggmance. The method is not based on pairwise
additivity approximations and gives, instead, a pradijcakact solution of the multibody problem at each
time step. Singular hydrodynamic resistance betweenyrgauthing drops is rigorously incorporated by
the 'geometry perturbation’ method [2], which reduces thdtiimody problem to a new one in the geometry
with slightly shrunken drop radii and modified force balasice

Long-time simulations are made for drop volume fraction p®%, drop-to-medium viscosity ratios
up to 3, and 200-400 monodisperse drops in a periodic boxedmeentation, we study the effect of contact
forces and dynamical microstructure on the sedimentatte f~or shear flow, the emulsion viscosity and
normal stress differences are compared to those [1] forehefole drops at small but finite Ca. Compared
to the idealized case of "well-mixed” emulsions, an emulsio dynamical simulation with contact forces
exhibits appreciably higher viscosity and appreciably llenaedimentation rate. The first and second nor-
mal stress differences are both negative. In dilute lirhig, first difference is dominant, but they are both
negligible compared to the shear stress. At high concémiisgtin contrast, both the first and second normal
stress differences can be comparable to each other andeyayastimes smaller than the shear stress.
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