LOS ALAMOS NATIONAL LABORATORY

3 9338 00454 2063

LA-UR- 04-04 13

Approved for public release;
distribution is unlimited.

Title: | MODELING SURFACE TENSIC!N USING A GHOST FLUID
TECHNIQUE WITHIN A VOLUM = OF FLUID
FORMULATION

Author(s): Marianne M. Francois, Douglas .. Kothe, Sharen J.
Cummins

Submitted to: | yx| |nternational Congress on Tt eoretical and Applied
Mechanics ICTAM 2004, 15-21 Sugust 2004, Warsow,
Poland

"o Los Alamos

NATIONAL LABORATORY E
Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operawu by the Un versity of California for the U.S.
Department of Energy under contract W-7405-ENG-36. By acceptance of this article, the publisher recun nizes that the U.S. Government
retains a nonexclusive, royalty-free license to publish or reproduce the published form of this contributii, or to allow others to do so, for U.S.
Government purposes. Los Alamos National Laboratory requests that the publisher identify this article i s work performed under the
auspices of the U.S. Department of Energy. Los Alamos National Laboratory strongly supports acader ir: freedom and a researcher's right to
publish; as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guia ‘antee its technical correctness.

Form 836 (8/00)


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact:



Library Without Walls Project

Los Alamos National Laboratory Research Library

Los Alamos, NM  87544

Phone:  (505)667-4448

E-mail:  lwwp@lanl.gov


MODELING SURFACE TENSION USING A GHOST FLUID 'TECHNIQUE
WITHIN A VOLUME OF FLUID FORMULATICON

Marianne M. Francois, Douglas B. Kothe, Sharen J. :Zummins
Computer and Computational Sciences Division, Los Alamos National Laboratory,
Los Alamos, NM 87545, U.S.A.

ABSTRACT

Ghost fluid methods (GFM) are a viable approach for imposin; sharp boundary
conditions on interfaces that are arbitrarily embedded within the comp:tational mesh. All
GEM to date are formulated with an interface distance function th:t resides within a
level-set (LS) framework. Recently we proposed a technique for receristructing distance
functions from volume fractions. This technique enables the exploitaiion of GFM within
a volume of fluid formulation for modeling an interfacial phenorcenon like surface
tension. Combining GFM with a volume of fluid (VOF) formulation is attractive because
of the VOF method’s superior mass conservation and because of the: ability of GEM to
maintain sharp jump conditions. The continuum surface tension fcize (CSF) method,
however, has the propensity to produce smooth jump. In the follovs ng, the combined
VOF-GFM and more classical VOF-CSF formulations are compared and contrasted.
Static and dynamic numerical results are used to illustrate our findiry:s and support our
claims.
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Summary We investigate a ghost flnid method in a volume of fluid formulation to model the surface tension force along
the normal direction at an interface between two fluids of different properties. We compare it with the Continuum Surface
Tension Force (CSF) method using numerical results to support our findings.

MODELING SURFACE TENSION
The continuum surface tension force (CSF) of Brackbill et al. [1] have been widely used over the past twelve years to
model surface tension in multiphase flow in volume of fluid (VOF), level-set (LS) and front tracking (FT) methods.
Surface tension forces acting on the interface are transformed to volume forces in regions near to the interface via delta
functions, leading to ideally discontinuous interface jump conditions being modelled as smooth. Recently, ghost fluid
methods (GFM) were presented in [3, 4] to impose ‘sharper’ boundary conditions on embedded boundaries. GFM have
been employed to model surface tension in conjunction with LS techniques, since GFM require knowledge of the distance
from the interface, which is the information natural for LS methods. We denote VOF-GFM as an underlying VOF method
that employs GFM for surface tension, VOF-CSF as an underlying VOF method that employs the CSF method for surface
tension, and LS-GFM as an underlying IS approach that employs GFM to model surface tension. VOF-GFM is an
interesting alternative to LS-GFM because of the superiority of VOF methods in mass conservation over LS methods.
However, since in VOF methods volume fractions are employed to track the interface, a distance function is not naturally
available. We have therefore devised a novel technique [5] to reconstruct distance functions from volume fractions,
allowing one to combine GFM with VOF. We now address whether or not there are advantages in using a VOF-GFM to
model surface tension flows over the widely-used, classical VOF-CSF method. To aid our comparison, we consider the
case of a static drop in equilibrium. The jump condition in pressure along the normal direction is [P]=0k, where o is the
surface tension coefficient and x is the interfacial curvature. In VOF methods, a discountinous Heaviside function
(volume fractions) f on a fixed grid is employed to track the interface. In cells filled with fluid 1, fis equal to 1, and in
cells filled with fluid 2, fis equal to 0. For cells containing the interface, f is between 0 and 1. In VOF, a single set of
governing equations are considered with an additional evolution equation to track the interface. In our case, the VOF is
initialized using a recursive local mesh refinement technique for cells that contains the interface. We consider the fluid
inviscid and the flow incompressible. The governing equations are:
Vi=0(Q), i(g’t—“)Jrv.(,mw)= VP2, g—f:mw =0 3)
where i is the velocity, o the fluid density assigned as p = p, f + 0,(1— f). The above conservation equations are
solved using the projection method and the VOF advection equation is solved with a PLIC (piecewise linear calculation)
algorithm [6]. Next, we present how we can apply the surface tension with the CSF and GFM method. To simplify the
presentation, we consider a static case with zero velocity.

Continuum Surface Tension Force (CSF) [1], [2]

In the CSF method, the surface tension force is represented as a continuum force per unit volume in regions along and
near to the interface. This force FS = gkVf appears as a source term in the momentum equation. Recently a consistent
formulation [2] was proposed in which the surface tension force appears in the right hand side of the pressure equation
and gradients are discretized at faces: '
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Ghost Fluid Methods (GFM) [3], [4]

In GFM, the pressure jump condition is applied as rigorously on the interface as the distance function ¢ allows. The
distance function is zero on the interface, negative inside the interface (fluid 1) and positive outside the interface (fluid
2). Since we are in the context of the VOF method, where we only store volume fractions, we need to reconstruct a
distance function. For that we have used our reconstruction distance function (RDF) technique [5]. First, normal
distances from the piecewise linear segments are computed using simple geometrical relations to all nearby cells. The
piecewise linear segments are constructed based on volume fractions [6] and are part of the VOF technique. The normal
distances are then weighted before being summed to obtain the distance function. The weights are function of the angle
made by the interfacial normal and the vector between the cell center and the linear segment centroid (the smaller the
angle, the greater the contribution). In GFM, the pressure stencil is modified to apply the jump condition at the interface
due to surface tension. The modifications appear in the right hand side of the pressure equation:
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where F*, F® F" and F® are source terms. Nonzero terms are only those at faces across which the distance function

change signs. L is for left stencil (i-1,i), R for right stencil (i,i+/), T for top stencil (j,j+/) and B for bottom (j-/,j). For

example, the left stencil, if @, ; <0 and ¢, ; >0, becomes:
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Note that GFM require a series of tedious logical tests, which are not required in CSF method.

Curvature Estimation
To estimate interfacial curvature, a height function method is used, which has been found in [5] to be more accurate than
technigues using a distance function or volume fraction convolution.

RESULTS

To illustrate the difference between CSF and GFM we present here the results of a static computation, with dynamic
results forthcoming in the full paper. We consider a 2D drop of radius 0.25 in a unit square domain. The surface tension
is 1 and the curvature is imposed to its exact value 4 for not introducing error coming from its computation. The
pressure equations are solved using an iterative method Line SOR. Both methods recover the exact jump in pressure
AP=4. However, with the CSF method, the profile is smoother than the GFM result (see Figure 1). GFM are more
accurate because it takes account the exact interface position. Interestingly, both GFM and CSF results are independent
of the density ratio, as can easily be shown in their formulation.
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Figure 1: Pressure profile using VOF-GFM and VOF-CSF along the x direction at y=0.5. Grid is resolution 20x20.

CONCLUSIONS
We have investigated the difference between the CSF and GFM to model the jump in pressure due to surface tension at an
interface. The GFM achieves a sharp jump in pressure, whereas the CSF method achieves a smooth transition. We have
demonstrated that we can combine the VOF and GEM by reconstructing distance functions from volume fractions without
solving an equation for the evolution of the distance function as in level-set techniques providing an alternative to the CSF
method. Further scrutiny of these two methods will be made with dynamical simulations.
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