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ABSTRACT
The conservation of energy is a prominent law of physics. The motion of a physical object may
increase or decrease each particular energy, but keeps the total sum of energies. When a fluid
streams down hills, a certain amount of the gravitational potential energy is being converted
to kinetic energy of the same amount. The energy transfer between gravitational potential and
kinetic energy is well known [1] and familiar to even non-scientists, but much less known is
the transfer between surface energy and kinetic energy, which is the topic of this research [2].
This article introduces a semi-implicit approximation of the surface tension in two-phase fluids.
Two-phase fluids with the surface tension can be described by the following incompressible
Navier-Stokes equations:

ρt + U · ∇ρ = 0 in Ω

ρ (Ut + U · ∇U) = −∇p− ρgey − σκnδΓ in Ω

∇ · U = 0 in Ω

U = 0 on Γ

In this research, a mathematical analysis is presented to prove that the given approximation is
unconditionally stable in the sense that the total energy does not increase for any time step.
Numerical results validate the numerical analysis via comparison with the well-known method
[3], but cast two issues in practice whose resolution are then discussed.
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