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Numerical Analysis of Two-phase Fluid Flows
Using a Diffuse-interface Model

(3h) EESEBAMTHE BFFIURT - SeleBE Y o & R HFFEEFY
i, P
Naoki TAKADA and Junichi MATSUMOTO

Advanced Manufacturing Research Institute (AMRI)
National Institute of Advanced Industrial Science and Technology (AIST)

Abstract: A computational-fluid-dynamics (CFD) method solving a set of Navier-Stokes equations and
adopting a diffuse-interface model (DIM) is applied to isothermal and thermal incompressible
two-phase flows with high density ratios. In the DIM, utilizing the free-energy approach for a
non-equilibrium mesoscopic system, a fluid-fluid interface is assumed as an artificially-enlarged finite
volumetric zone across which the physical properties vary continuously. The major findings from the
CFD simulations are as follows: (1) the DIM method predicts well the motion of two-dimensional liquid
column on a solid wall under gravity; (2) there are good agreements between the numerical results and
the theoretical solutions in two-dimensional capillarity-driven gas-liquid flows between parallel plates
with hydrophilic surfaces; (3) it also predicts qualitatively well 2D single bubble motion in a liquid with
temperature gradient under no gravity caused by heterogeneous surface-tension force. These results
prove that the DIM is one of useful interface models for numerically analyzing the two-phase flows.

Key words: Computational fluid dynamics, Phase-field model, Interface tracking, Contact line,
Wetting, Thermo-capillary force
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Fig. 1 The snapshot of the collapsing liquid column at time 1 =t (n*|g|/a)"* (n*=h/a=2).
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Fig. 2 Snapshots of the liquid permeating the gap between 2D parallel plates
under no gravity at dimensionless time 7".
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(a) The interface position (b) The moving velocity of the interface

Fig. 3 Time history of the fluid interface position
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Dimensionless time ¢ =txuy/(2R) Dimensionless time ¢*=xuy/(2R)
(a) The moving distance of the bubble (b) The moving velocity of the bubble

Fig.5 The motion of the 2D single bubble due to thermo-capillary force for Ma = 588.5, Pr =
91.5 and We = 3.43x10%.
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