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ABSTRACT

Two-phase flows are the source of multiple applications. Moreover, several fundamental hydrodynamic
instabilities and interactions take place in these flows. In immiscible, incompressible two-phase flows,
fluid interfaces separate masses of fluid with constant but different material properties in each bulk
phase. The molecular mismatch of the two components gives rise to surface tension and this interfacial
force plays a fundamental role in nearly all multi-phase flows of physical interest. Moreover, multi-
phase flows are typically multi-scale; the important phenomena of flow-induced drop interaction and
the production of short wavelength capillary waves on spilling breakers illustrate common two-phase
systems that exhibit the presence of multiple time and length scales. Therefore, the effective numerical
simulation of these flows requires both an accurate representation of the singularly supported inter-
facial forces and of all the physically relevant flow quantities and to faithfully capture the disparate
scales. Here, we present a method that responds to these requirements with computational efficiency
and robustness.

The proposed method originates from the hybrid level-set/front-tracking (LeFT) setting proposed in [1],
from the fast and accurate fluid indicator developed in [2], and from the adaptive immersed boundary
(IB) method first introduced by Roma, Peskin, and Berger [3] . LeFT does an explicit tracking of
the interface using the IB method framework and employs a continuous level-set function as a fluid
indicator. The interfacial tension and the geometric quantities are evaluated from the tracked interface
while the the level set function is used to update the material quantities. Thus, the method retains
one of the advantages of front-tracking (accurate evaluation of interfacial quantities) and at the same
time benefits from a continuous, geometry-based fluid indicator, the level-set function. Moreover, this
signed distance function is updated only locally, in a thin neighborhood of the interface, at optimal
computational cost and is computed to machine precision for a piece-wise linear representation of the
interface [2]. Here, we also use a hybrid Lagrangian/Eulerian approach due to Shin, Abdel-Khalik,



Daru, and Juric [4] to evaluate the tension force. This hybrid force formulation combined with the
accurate fluid indicator leads to an unprecedented reduction of spurious currents.

One of the central objectives of this work is to present a robust, fully adaptive LeFT method to resolve
accurately and efficiently interfacial forces and the disparate scales that are typical of many challenging
but important two-phase flows. We achieve this by endowing the LeFT approach with adaptive mesh
refinements (AMR), an efficient and robust time discretization, and a dynamic control of the distribution
of the Lagrangian nodes in the interfacial grid. As a bonus, with the increased resolution afforded by
the AMR, we are able obtain an accurate area conservation for long time integrations.
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