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Study on Improvement in Numerical Method for Two-phase Flows
Including Surface Tension Effects
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ABSTRACT: The present paper proposes a coupled volumeoffluid (VOF) and levelset (LS) method for simulating incompressible twophase flows
that include surface tension effects. The interface of two fluids and its motion are represented by a VOF method designed using highresolution
differencing schemes. This hybrid method couples the VOF method with an LS distancing algorithm in an explicit way to improve the calculation
of the normal and curvature of the interface. It is developed based on a rather simple algorithm to be efficient for various practical applications. The
accuracy and convergence properties of the method are verified in a simulation of a single gas bubble rising in a threedimensional flow with a

large density ratio.
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Fig. 2 Initial spherical bubble and flow domain
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Fig. 3 Comparison of horizontal and vertical bubble dimensions

for grid convergence study
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Table 1 Relative errors between succeeding grids
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Tl Ey Ey E, E,
Coarse N/A N/A N/A /A
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Fine
(70x70x140) 0.00427 0.00265 0.00642 0.00884
VOF Level-Set

(@) Spherical-cap-like bubble

VOF Level-Set

(b) Ellipsoidal bubble
Fig. 4 Comparison of bubble surfaces

(@) Spherical-cap-like bubble
VOF Level-Set

(b) Ellipsoidal bubble
Fig. 5 Comparison of VOF and level-set functions

(b) Ellipsoidal bubble
Fig. 6 Velocity vectors around the bubbles

(a) Spherical-cap-like bubble
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Fig. 7 Comparison of horizontal and vertical bubble dimensions

for three different VOF methods
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(@) Spherical-cap-like bubble
Fig. 8 Comparison of the 2D profiles of bubbles

(b) Ellipsoidal bubble
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