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Summary We present a new numerical method to calculate curvature and surfacetension force in PLIC-VOF with the Continuum
Surface Force (CSF). Based on staggered grid, this method is more accurate in determining surface tension contribution and therefore
reduce moreover "spurious currents". We applied our method in the study of dynamics coalescence between two air bubbles. The
results are presented as reconstructed interface with velocity field images.

Studies of two-phase flow are interesting for numerous applications ranging from environmental sciences to engineering.
The presence of moving interface in two-phase flow is commonly approached with different numerical methods. The one,
we used has been developed by Hirt and Nichols [1].The VOF (Volume Of Fluid) method allows the knowledge of the
liquid-vapor interface evolution by the use of a colour function commonly noted C or F which points out the volumic
fraction of liquid ranging from 0 and 1. This method needs to solve a non diffusive transport equation, given by:
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in which F represents the colour function and~V the velocity field. The resolution of this equation is based on geometrical
hypothesis which ensures the interface’s integrity . The PLIC-VOF (Piecewise Linear Interface Construction - Volume
of Fluid) method reconstructs the interface by a segment of straight line contained within each computational cell. This
method is more accurate, less diffusive and allows a more important mass conservation. In order to include surface tension
force in the Navier-Stokes’s equations, several models have been developped, amongst which Brackbill et al.’s is the most
commonly used [2]. This model transforms surface force intovolumic force by using Dirac peak centered on the interface.
The force thus being described (Continuum surface force-CSF) is expressed by the following relation:

~Fsv = σκδs~n (2)

in whichσ represents supercifial tension,δs Dirac peak centered on the interface,~n the interface normal vectors andκ the
curvature giving:

κ = −~∇s.~n (3)

in which ~∇s.~n represents the surface divergence of the normals for an interface surface element. The normal vectors
is determined by the normalised gradient of the colour function F. A smoothed colour function by convolution with a
β − spline kernel is commonly used to increase the numerical accuracy of the normal and of the curvature.
In order to optimise numerical calculation on the evaluation of surface tension’s contribution without using a smoothed
colour function by CSF, we have developped a new technique calculation for curvature and superficial tension force. This
method leads to reduce drastically the presence of "spurious current" which developping at the interface and allows to use
the surface tension contribution with more accuracy.
The method we worked out uses the direct definition of two dimensionnal surface divergence and does not need smoothed
colour function to improve accuracy.
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in whichS is the length along the curves which represent the interface.
The normal vector is calculated on each face and at the corners of a MAC cell. The positionning of the segment within
the cell leads the choice of the normal vector which are the nearest from the intersection point between the cell and the
segment. The length∂S is approximated by an average of all the segments presented in the main cell since each stagerred
cell produce its own segment. The calculus is then renewed for each cell on the entire domain with the same assumptions.
Once calculated the curvature, the superficial tension force is deduced from equation 2, which is included in the Navier
Stokes equations as an external forces field. The latters arediscretised on MAC grid, which is defined as a control vol-
ume and the projection algorithm is used for solving the Navier-Stokes equations. Therefore the superficial tension force
have to be included on face of each computationnal cell. Thiscontribution is numerically defined on a staggered cell.
Obviously, our method allows to calculate curvature on center of each cell. Consequently colour function values F are
determined on staggered cell with geometrical assumptions, which allow to define the curvature on the face of the main
cell and this technique is applied on each face of the volume control. The validation tests show that our method is more



accurate than those previously implemented [3, 4] and leadsto less "spurious currents".

This method were applied on two air bubble coalescence in quiescent column water, with temperature ranging from20◦ to
80◦, different radius size and different Bond and Reynolds number. Results presented concern the reconstructed interface
with velocity field for four different time step iteration ranging from 1 to 300 at20◦ temperature with radiusR0 = 1 mm
and initial time step∆t = 0.05 ms.
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Figure 1. Coalescence between two bubbles

The sequence reported on figure 1 proves the potentiality of our method. The modelisation thus deduce on coalescence
reveals several important parameters as the distance between each bubble, the radius and the time step∆t. Further results
show a real dependance from surface tension with Bond number, and also temperature. This parameters leads to different
deformations and sometimes breakup of bubbles before the coalescence.

CONCLUSION

We developed a new method based on staggered grid for calculating curvature and surface tension force of which the
results present better agreement with reality. The surfacetension force is included in the Navier-Stokes equations which
are solved numerically with projection method. We applied this resolution on the coalescence between two air bubble
in quiescent water at constant temperature and we caracterised different parameter, which induce the deformation or the
breakup of bubbles before coalescence. We implemented different case of coalescence which lead to find correlation
between size, surface tension, and the distance which separate each bubble.
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