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The optimization  of  separation  processes,  like  liquid-liquid  extraction,  and  improvement  of
separation  apparatus  design  start  most  importantly  with  a  good  understanding  of  the
hydrodynamic coupling between the two phases and the mass transfer across the interface.  This
task becomes challenging for complex polydisperse systems.  Population of droplets or bubbles
is often considered in these processes. Given the complexity of a global study of the system, the
study of mass transfer at the scale of a single droplet moving in the surrounding immiscible
phase is of prime importance. This study represents a major step towards derivation of reliable
mass transfer resistance correlations.

Many key physical parameters (such as the  viscosity ratio, diffusivity ratio, flow configuration,
etc.) may impact directly both hydrodynamics of a moving droplet in a continuous phase and
extraction  efficiency  as  well  [1].  In  this  study,  efforts  have  been  made  to  investigate  the
interaction between the internal and the external flows in a single droplet on the one hand, and
on the other hand, the influence of the main key parameters on the evolution of the Sherwood
number. The temporal evolution and the spatial concentration distribution have been studied,
analyzed and then validated on reference test cases.

Since under  the hydrodynamic conditions  typical  of  solvent  extraction columns,  the droplet
usually achieves a spherical shape [2], a fixed (i.e. non deformable) mesh is considered in this
study.  A  numerical  investigation  has  been  conducted  by  DNS  to  investigate  the  coupling
between the internal and the external flows and their respective effects on mass transfer. JADIM,
the CFD code developed at IMFT, was used and adapted in this aim. The finite volume scheme
implemented, together with the use of an orthogonal curvilinear mesh, was shown to enable
good description of interfacial phenomena [3]. A specific jump condition has been implemented
in  order  to  accurately  represent  the  convection/diffusion  and  mass  transfer  coupling  at  the
interface between the droplet and the surrounding liquid.

In this contribution, the numerical model was used to study the sensitivity of the rate of transfer
of a non reactive solute to the various hydrodynamical  and chemical  parameters,  accounted
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thanks to the Reynolds, Peclet, Fourier, Henri numbers. The results revealed good agreement
with available experimental and numerical data [4,5]. The model predicts correctly the effect of
relevant physical parameters on the transfer process. Moreover  the respective effect of internal
flow circulation and external convection was evidenced and drastic changes of the internal and
external resistances to mass transfer with increasing values of the Peclet number were predicted.

     Figure: Time-evolution of an inert solute’s concentration due to mass transfer under
creeping flow (Re=0.1, Pe=1000, Henry coefficient=1 )
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