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We present a coupled level-set (LS) and volume-of-fluid (VOF) method for time-domain simulation of violent free surface
flows in an overset grid system. The advection of the VOF function is performed by using a mixed second-order Eulerian and
Lagrangian scheme with a piecewise linear interface calculation (PLIC). A volume correction scheme is implemented to
compensate for the mass change and to maintain a divergence-free velocity field. The LS function is solved by using a
fifth-order Weighted Essentially Non-Oscillatory (WENO) scheme. The coupled level-set and volume-of-fluid (CLSVOF)
interface-capturing method is employed in conjunction with the Finite-Analytic Navier-Stokes (FANS) method for violent free
surface flow problems. Moreover, a chimera domain decomposition approach is implemented by using an overset grid
system, including embedding and overlapping grids for accurate resolution of flow around structures. The simulation results
demonstrate the capability of the CLSVOF method in an overset grid system for violent free surface flow problems.

INTRODUCTION

The flows involving two different immiscible fluids with a well-
defined interface are commonly encountered in many industrial
processes. Among these circumstances, free surface flows, which
are known as air-water interactions, feature prominently in the
ocean environment. These interactions exert unsteady dynamic
loads on offshore structures and strongly influence the offshore
structure design. Numerous interface-capturing methods have been
developed in the past few decades to simulate violent free surface
flows. The volume-of-fluid (VOF) method and the level-set (LS)
method are the most popular numerical strategies to predict interface
motion. In the VOF method (Hirt and Nichols, 1981), the interface
is represented by the VOF function, which denotes the volume
fraction occupied by one liquid flow in each cell. Because the
VOF function is not continuous across the interface, using standard
numerical schemes, such as an upwind finite difference scheme, can
easily diffuse the interface. Therefore, for the advection of the VOF
function, the geometric technique for surface reconstruction has
been improved from the original simple line interface calculation
(SLIC) method (Noh and Woodward, 1976) to the piecewise linear
interface calculation (PLIC) method (Youngs, 1982). Based on
the reconstructed interface, several schemes have been developed
for VOF advection. Most of these methods are based on Eulerian
advection on structured grids, either with a split scheme (Scardovelli
and Zalesaki, 2003) or an unsplit scheme (Pilliod and Puckett,
2003). Although the VOF method has a good mass conservation
property, it lacks accuracy for the calculations of normal and
curvature due to the VOF functions behaving as step functions. In
the level-set method (Osher and Sethian, 1988), the interface is
tracked by the LS function defined as the signed distance from
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the interface. The normal and curvature of the interface can be
accurately calculated from the continuous and smooth LS function.
However, the LS method is not able to preserve mass conservation
because of the numerical dissipation across the interface.

To overcome the weaknesses of the LS method and the VOF
method, a coupled level-set and volume-of-fluid (CLSVOF) method
was introduced (Sussman and Puckett, 2000). In this method,
the interface is reconstructed from the VOF function to preserve
the mass conservation, and the geometric properties, such as
surface normal and curvature, are evaluated from the smooth LS
function. It is desirable to re-distance the LS function as a signed
distance function based on the VOF function as the interface
evolves. Furthermore, for violent free surface flow around complex
geometries, it is advantageous to generalize the original interface-
capturing method into a curvilinear grid system. The VOF method
was extended to the curvilinear coordinates (Jang et al., 2007)
by carrying out interface reconstruction and propagation on the
computational domain. The LS method can also be transformed into
curvilinear grids with coordinate transformation of the advection
equation. The LS re-distance procedure was modified for the LS
function based on the reconstructed surface on the computational
domain (Wang et al., 2012). However, most of the previous
works about the CLSVOF are applied to a single domain. The
implementation of the CLSVOF for an overset grid system is not
found in the present literature.

The objective of the present study is to present a general
CLSVOF method for an overset curvilinear grid system. The air-
water interface is updated by the PLIC method, and the advection
scheme is performed by using a mixed second-order Lagrangian and
Eulerian scheme, which can preserve the exact mass conservation
under the divergence-free velocity field. A volume-correction
scheme is designed to compensate for the mass change and to
maintain a divergence-free velocity field. The level-set function is
solved by using a fifth-order Weighted Essentially Non-Oscillatory
(WENO) scheme. Moreover, a chimera domain decomposition
approach is implemented in the present CLSVOF method for
an overset grid system, including embedding, overlapping, and
matching grids.




