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flow. J. Compt. Physics, 1992, 100:25-34
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(a) Hirt/Nichols (b) PLIC method
Blue line is the actual interface, red ones the are reconstructed

Youngs D. L., Time-dependent multi-material flow with large fluid distortion.
In: Morgan K. W., Baines M.J. (eds), Numerical methods for fluid dynamics,
New York: Academic, 273-285,1985
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G. Tryggvason, R. Scardovelli, S. Zaleski, Direct Numerical Simulations of
Gas-Liquid Multiphase Flows, Cambridge University Press, New York, 2011
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J. Ldpez, J. Hernandez, P. Gamez, F. Faura, A volume of fluid method based
on multidimensional advection and spline interface reconstruction, J. Comput.
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J. Hernandez, J. L&pez, P. Ganez, F. Faura, A new volume of fluid method in
three dimensions. Part I: Multidimensional advection method with face-
matched flux polyhedra, Int. J. Numer. Meths. Fluids, 58, 897-921,2008
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Conditions:
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(1) Grid-independence test
Initial condition: Steady solution of single phase flow
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(2) Numerical results of bubble evolution
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(3) Comparison with test results

(a) 2K liquid supper heat for initial and inlet fluid;
(b) Wall supper heat : 2.1 K;

(c) Contact angle: 30°;

(d) Bottom wall-adiabatic; Width of channel: 229 pm
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Inert Gas

X=0.005m
Laser Beamc

71\ Free Surface

Workpiece

Q. Bian, R. Dai, X Tang, Q Liu, Q Wang, M Zeng, Investigation on the effect of the thermal
dynamic, evaporation, and alternative material properties in a laser melt pool with a developed 2D

model based on the VOSET method, Numerical Heat Transfer, Part A: Applications, 2017, vol. 71:
1104-1122
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4. SHSIERIREEHE
4.1 Physical phenomenon

When two micro-scale water drops coalesce on a super-
hydrophobic surface, the merged drop will jJump
spontaneously without any external force.

J. B. Boreyko and C. H. Chen, Self-propelled dropwise condensate on superhydrophobic
surfaces, Phys. Rev. Lett., vol. 103, no. 184501, 2009.
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3D VOSET approach was used to simulate the
processes of coalescence and jumping of symmetric (r,=r,)
coalescence and asymmetric (r,# r,) coalescence.

Contact angle of 180°; Properties of liquid water at 100°C;

(B, Goonwrrewm 98/115
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4.2 Symmetric coalescence

1 12.0

1 10.0

150

6.0
: Fy(uUN)
1 4.0

r=ro v;*=0.231

Lin K. et al, Paper to be submitted
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Dimensionless jumping velocity at varying drop sizes
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F. Liu, G. Ghigliotti, J. J. Feng, and C. H. Chen, \Numerical simulations of self-propelled
jumping upon drop coalescence on non-wetting surfaces," J. Fluid Mech., vol. 752, pp. 39-65,

2014.
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4.3 Asymmetric coalescence

r/ro=0.9 r/ro=0.7
vi* =0.241 vi* =0.148

B S =T 101/115
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r/r,=0.9 r/ro=0.3
vi* = 0.062 v;* = 0.00957

Such jumping motion results from the surface energy
released upon drop coalescence and can be used to
enhance condensation heat transfer.

(5L, i 102/115
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4.4 Comparison with experiments

DOHHH00O
Momoom?
ooagqo

1.0 ms 1.375

625
(b) Q ’ Q ;

1.875

F. Liu, G. Ghigliotti, J. J. Feng, and C. H. Chen, Self-propelled jumping upon drop coalescence
on Leidenfrost surfaces," J. Fluid Mech., vol. 752, pp. 22-38, 2014.
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Lin K. et al, Paper to be submitted
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journal homepage: www.elsevier.com/locate/apsusc

Applied Surface Science

Contents lists available at SciVerse ScienceDirect -

applied
surface science

Three-dimensional thermal simulation of nanosecond laser ablation

for semitransparent material

Junsu Ahn!, Suck-Joo Na*

@ CrossMark

Department of Mechanical Engineering, Korea Advanced Institute of Science and Technolegy, 291 Daehak-ro, Yuseong-gu, Daejeon 305-701, Republic of

Koarea

prime advantage of the VOF method over the LS method is its accu-
racy of the mass calculation, which is important to estimate the
amount of material removal in the numerical simulation of laser
material processing. The LS method gives smoother representa-
tion of the free surface, which is indispensable for the calculation
of the reflected/refracted ray direction. Because the VOF and the
LS methods are complementary to each other, some methods that
couple them have been suggested [9-12]. However, they are com-

LS reconstruction can be achieved by a proper calculation of the
value of the signed distance function. The idea of Sun and Tao [13]
is similar to that of the present study, but the main difference is
the location at which the values of the signed distance function are
calculated and stored; it is the center of the cell in Sun and Tao’s

work, but the node in the present work. This is because the nodal

plicated because both the LS advection equation and VOF advection
equation need to be solved together. Sun and Tao [13] suggested a
simpler method in which only the VOF advection equation needs

ta be solved. The LS function which is needed for the free surface
reconstruction is calculated by geometric operation of the volume
fraction data of VOF.

CFD-NHT-EHT
CENTER

value is more readily applicable to the ray/surface intersection cal-
culation in a cell. The details of LS reconstruction are described in
the following sections.

[13] D.L.Sun, W.Q. Tao, A coupled volume-of-fluid and level set (VOSET) method for
computing incompressible two-phase flows, International Journal of Heat and
Mass Transfer 53 (2010) 645-655.
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International Joumal of Multiphase Flow 53 (2013) 11-28

Contents lists available at SciVerse ScienceDirect

International Journal of Multiphase Flow

journal homepage: www.elsevier.com/locate/ijmulflow

Influence of surface tension implementation in Volume of Fluid and coupled
Volume of Fluid with Level Set methods for bubble growth and detachment

A. Albadawi®*, D.B. Donoghue®, AJ. Robinson®, D.B. Murray®, Y.M.C. Delauré **

15chool of Mechanical and Manufacturing Engineering, Dublin Gty University, Glasnevin, Dublin, Ireland
b pepartment of Mechanical and Manufacturing Engineering, Trinity College Dublin, Ireland

2002) or an analytical solution (Ménard et al., 2007). ﬂ[[hough Sun, D, Tao, W., 2010. A coupled volume-of-fluid and level set (voset) method for
most coupling models solve both the LS and the VOF advection computing incompressible two-phase flows. Int. J. Heat Mass Transfer 53, 645-
equations (Sussman and Puckett, 2000; Son and Hur, 2002), Sun
and Tao (2010} have proposed a coupled method which relies on
the solution of the VOF advection equation with geometrical
reconstruction of the LS function from the VOF function. Kunkel-

% CFD-NHT-EHT 106/115
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Journal of Computational Physics

L presnet, 100X100
'y Sun and Tao (2010)

journal homepage: www.elsevier.com/locate/jcp = Martin and Moyce (1952)
4 -
- - - - x [
A conservative phase field method for solving incompressible i
2 -
two-phase flows I

- . * . - ‘—*-'_
Pao-Hsiung Chiu*, Yan-Ting Lin I
Nuclear Engineering Division, Institute of Nuclear Energy Research, Taoyuan County, Taiwan, Republic of China S — ‘0?5‘ - 1‘ - '_1?5I — é' = ‘2? —
time
ume conservation, because of re-initialization error and errors from advection calculation such as conservation error. The Fig. 7. Calculated results for the dam-break problem.

Comparisons of the predicted front locations with the
experimental data [32] and the numerical results [10].

CLSVOF (coupled level set and volume-of-fluid) method [7], THINC (tangent of hyperbola for interface capturing) methoc
[8,9], VOSET (volume-of-fluid and level set) method [10], and conservative level set method [11] have been proposed to
resolve the problems arisen from the VOF or/and level set method. These schemes can obtain the mass-conserving and accu-
rate solutions. However, the implementation of these schemes are still more complicated than the original VOF or level set
methods.

[10] D.L. Sun, W.Q. Tao, A coupled volume-of-fluid and level set (VOSET) method for computing incompressible two-phase flows, Int. ]. Heat Mass Transfer
53 (2010) 645-655.
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Efficient GPGPU implementation of a lattice Boltzmann model
for multiphase flows with high density ratios

@ CrossMark

Amir Banari®, Christian JanBen *", Stephan T. Grilli**, Manfred Krafczyk "

* Department of Ooean Engineering. University of Rhode Islond, LSA

“Inse. M-8, Fluid Dynamics and Ship Theory, Hamburg University of Technology. Germany

Insnmuee for Compuarional Modeling in Civil Engineering Techniche Universitoef Braunschweig Germany

eter, g is the gravitational acceleration, and v, and g, are the kine-
matic and dynamic viscosities of the heavier fluid, respectively. The
terminal shapes of individual rising bubbles were experimentally
observed for a range of Reynolds and Bond numbers [31], and can
be generally regrouped into the following cap shape regimes: (a)
spherical, (b) ellipsoidal, and (c¢) curved ellipsoidal. In the spherical
regime, for small Bo, surface tension is dominant. The large surface
tension force prevents the deformation of the bubble under inertia
and viscous forces; consequently, the shape of the bubble remains
(nearly) spherical during its rise. When increasing the Reynolds
and Bond numbers, the contribution of surface tension gradually
becomes less important as compared to inertia, and the terminal
shape of the bubble becomes ellipsoidal for moderate Reynolds
and Bond numbers (10 < Re < 500 and 10 < Bo < 100), and spher-
ical for high Reynolds and Bond numbers.

In the LBM simulations, a circular fluid bubble of density p; =6
and initial diameter D, = 60 is located one bubble diameter above
the bottom of a rectangular domain discretized with 256 = 1024
LBM cells, filled with a fluid of density pj; =6000 (hence
21/ p5 = 1000); the fluid viscosity ratio is ) /5 = 1000. Both flu-
ids are assumed to be stationary at initial time t' = 0 and we spec-
ify a periodic boundary condition on the lateral sides of the domain

CENTER

Fig. 5.10. Rayleigh-Taylor instability problem for p,/p, =3,A=05 Re = 256.
Time evolution of the two-fluid interface for four dimensionless times
t' =t/+/L/g: (leftward panels) results of [8]; (rightward panels) present LB results.

and a bounce-back condition on the top and bottom boundaries.
Simulations are run for 3 test cases (a-c) with different Mo and
Bo values, given in Table 5.3 together with LBM and other flow
parameters, corresponding to the three flow and bhbble shape re-
gimes discussed above.

Since we only solve for a two-dimensional ( 2D) flow, we cannot

compare our LBM simulation results to experiments. However, we

can validate results by comparing them to an independent 2D

numerical solution, such as that of Sun and Tao |33, who used a

hybrid volume-of-fluid and level set (VOSET) method to simulate

incompressible two-phase flows. In Fig. 5.8, the terminal shapes

of the bubbles and the velocity fields computed with the LBM for

the 3 cases are compared to Sun and Tao’s results. We see that both

the predicted bubble shape and tlow fields agree well with the ref-
erence solution.

Fig. 5.9 further shows the computed time evolution of the bub-
ble shape during its rise, for the case of Fig. 5.8(c). During the early

.J8/115
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Capturing of interface topological changes in two-phase gas-liquid flows (!) S
using a coupled volume-of-fluid and level-set method (VOSET)

Mohammad Reza Ansari*, Reza Azadi, Ebrahim Salimi
Faculry of Mechaical Engineering Tarbiar Modares Universiny, PO, Booe 14115- 143, Tehran, Islamic Republic of fran

ARTICLE INFO ABSTRACT

Arride history: There are different approaches and methods to predict the interface changes in two-phase flows. Among
Received 30 April 2015 these methods, volume-of-fluid (VOF) and level-set (LS} are some of the most famous ones. Common VOF
Revised ]‘_U'-l'}' 2015 . schemes are mass conservative but cannot predict the surface tension with a2 good accuracy. In contrast,
::E;Tt:: ;2“5;3?3&252;?20]5 L5 uses a continuous sign function which in turn computes surface tension more accurately than VOF. Bur,

re-distancing the LS function causes mass gain/loss which violates the mass conservation. To have the advan-

Keywords; tages of both methods, a scheme called VOSET is introduced in the present research which couples the two
Two-phase methods fully geometrically. VO5ET is used in the structure of the code developed to study the interface topo-
Interface topology logical changes of gas-liguid two-phase flows. The results show that in addition to being mass-conserved, the
VIOSET

method computes the surface tension with a good accuracy. Then the code is used to study the bubble topol-
ogy rising in a quiescent liquid for different Morton and Eotvos numbers. The simulation results show a good
agreement with available experimental data. Finally the effect of bubble initial shape on its terminal shape
and velocity is investigated by VOSET. For the simulation cases, the effect of initial bubble topology was not
noticeable.

Bubble rise
Imicial bubble shape

i@ 2015 Elsevier Ltd. All rights reserved. )9/115
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A coupled volume-of-fluid/level-set method for simulation of two-phase (!) N
flows on unstructured meshes

Néstor Balcazar?*, Oriol Lehmkuhl®®, Lluis Jofre? Joaquim Rigola? Assensi Oliva®*
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Spain

" Termo Fluids, 5.1 Avda Jacquard 97 1-E, 08222 Terrassa, Barcelona, Spain
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International Journal of Heat and Mass Transfer 67 (2013) 70-73
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Technical Note

A coupled volume-of-fluid and level set (VOSET) method on dynamically @ Crosshark
adaptive quadtree grids

Tai Wang, Huixiong Li *, Yongchang Feng, Dongxiao Shi

State Key Laboratory of Multiphase Flow in Power Engineering Xi‘an fiaotong University, Xi'an 710049, PR China

Numerical Heat Trnncfor Part.A..67..1352-1369..2015
Copyright © Taylor & Francis Group, LLC Taylor & Francis Group

ISSN: 1040-7782 print/1521-0634 online
DOTI: 10.1080/10407782.2014.965116

NUMERICAL SIMULATION OF BUBBLE DYNAMICS
IN A UNIFORM ELECTRIC FIELD BY THE ADAPTIVE
3D-VOSET METHOD

Tai Wang, Huixiong Li, Yifan Zhang, and Dongxiao Shi
State Key Laboratory of Multiphase Flow in Power Engineering,
Xi'an Jiaotong University, Xi'an, Shaanxi, P. R. China
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NUMERICAL SIMULATION OF A FALLING FERROFLUID
DROPLET IN A UNIFORM MAGNETIC FIELD BY THE
VOSET METHOD

Dongxiao Shi, Qincheng Bi, and Rongqi Zhou
State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an
Jiaotong University, Xi'an, Shaanxi, P. R. China
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