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A Phase-Field Method for Interface-Tracking Simulation of Two-Phase Flows
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Abstract For interface-tracking simulation of two-phase flows, a computational method,
NS-PFM, combining Navier-Stokes (NS) equations with phase-field model (PFM) is proposed in
this study. Based on the free energy theory, PFM describes an interface as a volumetric zone across
which physical properties vary continuously. Surface tension is defined as an excess free energy
per unit area induced by density gradient. Consequently, PFM simplifies the interface-tracking
procedure by use of a standard technique. The proposed NS-PFM was applied to several problems
of incompressible, isothermal two-phase flow with the same density ratio as that of an air-water
system. In this method, the Cahn-Hilliard (CH) equation was used for predicting interface
configuration. It was confirmed through numerical simulations that (1) the flux driven by chemical
potential gradient in the CH equation plays an important role in interfacial advection and
reconstruction, (2) the NS-PFM gives good predictions for pressure increase inside a bubble
caused by the surface tension, (3) coalescence of liquid film and single drop falling through a
stagnant gas was well simulated, and (4) collapse of liquid column under gravity was predicted in
good agreement with other available data.
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(a) Schematics of domain. (b) Courant number C =0.1

Fig.1: Interface profile drawn as a contour line of the index
function ¢ at {*=Upt/d=12.5 in 2D rotation simulation

3. ZHRABEYI 2 L—Ya v iR

%9, NS-PFM T CH R(1)D &% F 7= R D
FHEAMERE Fig 1 1R 3. FRumiE, —EMHE CHEET 5 2
WL ZERNCHLE S 4, BVIRA=Ay=1 12X L CHIMIE R

- 275 -



d=32 # 5.2 67z, FDOFIKRIE, Courant 2t C=0.1 (Zxf L
THI 1 JE% OEERITTHEZ r+=12.5 £ TR Sz (H(b)).
PLEns, (1) Z V25 NS-PEM 23k 7 /LT XA L
WCREBE - B E AT 52 L AR LT

| - | - | - |
p, =103
" pe=1.247x10"
My =7.272x106
= 9.859x10°
L o=4.310x10*
K= 1.709x10%

bl
o

b
=

»
=)

Pressure increase inside 2D
stagnant bubble in liquid

. 1 . 1 . 1

0.06 0.08 0.1 0.12

Curvature of interface 2/d

Fig. 2: Pressure increase inside bubble neutrally-buoyant
in stagnant liquid at p; /p;=801.7and o=4.31x10™
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Fig. 3: Time series of leading-edge position X of liquid column
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Fig.4: 3D interfacial pro'ﬁie, cross-sectional flow velocity and
pressure P' fields in coalescence of drop and liquid film.
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