® spidr¥ MOE-KLTFSE

T ERNFHGER R E
#\E IR E N VOSETH

z# X
P2 A R AT 5 20 ) TR

PP ES TR HERLRE

20194£6 5 4H, F§%
(5L, Seonwrr-ewm 11122



/
/

MOE-KLTFSE

BINFEHFR

8.15|5

8.2 VOFJ5 B: i/t

8.3 Level Set ¥/

8.4 VOSET Jj ¥ 2L A FE A

8.5 VOSET J5 ¥4 BE B Bl By 1 55

8.6 R F VOSET J5 ¥ SRS WA ¥t 7 1
8.7 BUE IR LM

8.8 VOSET ] = 4k k)™

% gl;:.::lEl-I';r-EHT 2/122



/
/

rﬁ%ﬁaﬁ)ﬁ% MOE-KLTFSE (&,

| 8131 |

PR — KA A B RBR . Bl : B/ WD,
GRS, VRIS, SRR, P HR RE 3 5 i B AN R
ERRTRH T HTER.

B e 3/122


/
/

SR BUE
B At BN BT A AR TG 38 B TR B R R

MOE-KLTFSE

BT IE R 2R

b b

RRWM, Z5EMTHRBBERR—HEN; EESI
Jo B e Bl PN BB P A R B BB AT 55, BT AR08 A

THARR:

1. AT E R TS BRI sH R s BB
RESIS 41 T AR, WVOF;

2. EHFMRMHA TG RIFRGEERSIESHS

B R 1B 23 U R332 W UL,

WBRLBNIE

CFD-NHT-EHT
CENTER

7 ®i

4, Fo

I ,

AN 0 20 1 5 2R AL

4/122


/
/

MOE-KLTFSE

SRR W R R A R
(1) Volume of fluid (VOF), mA&AER G

(2) Level Set (LS), KEHE G
(3) Front tracking, Bi#sERER &

Unverdi S.O., Tryggvason G. , A front tracking method for voscous incompressible multi-fluid
flow. J. Compt. Physics, 1992, 100:25-34

(4) Phase-field, g3

Jacgmin D., A Calculation of two-phase Navier-Stokes flows using phase-field modeling. J. Compt.
Physics, 1999, 155:96-127

(5) VOSET, {HAAEBRAKFEMEH A

% CFD-NHT-EHT 5/122

CENTER



/
/

¥ MOE-KLTFSE
| 82VOFsEEA |

4.2.1 RIEEFHREY

4.2.2 R R B EHEH SR

4.2.3 LN ERSHEETE

4.2.4 PLICHH

(BL, Gemnuerenr 6/122


/
/

19814 | Hirt i1 Nichols #z

® 74544%

MOE-KLTFSE

i 8.2 VOFFF A It l

4.2.1 AR

1 X

VOF 5 ¥ F A4 5 i 2 (color function) C SRARIRWIAH

=#H (reference phase)

Wath. —MHE

L

MR RO AR R B

MRS R BIT f RARBR R

R4 A A TR oy B R 3

C=0| Fm

0<C<l1

2R PR

PR 2

el | C=1

H

i[ih gy i

7N

W 56 B S

= iifugiiE

Hirt C.W., Nichols B.D., Volume of fluid (VOF) method for the dynamics of free boundary,
J. Compt. Physics, 1981,39:201-225

CFD-NHT-EHT
CENTER

71122


/
/

FESERL: MOE-KLTFSE (&)

FREEFHE AEEM

| |
0.3 0.03 |1 0.0
|

SEEB M &%

2. C RBUBFER :
(1) AR (0<C<1) ;

(2) FEHFE LRy R

(G CoomeenT 8/122



/
/

75 ]I

& FFIArE

3. AR At B A

BT R B Bk, 5
M5 P ERAS R s B — A E

R

A

‘ﬁﬁ E]_%K‘ K=V- E <
vC|

MOE-KLTFSE

yLpil:

H

—

—

125 1)

TS
AT A A
R, iR AR R E S C

Jill | i=VC

B9 MR VA7 S

LRI :

L1l

on, 5”

OX Gy

XFFE, BRI AR,

HEAE
x=0

9/122


/
/

D T4 MOE-KLTFSE

YEIRAY e 44544 B PR B FT DA S5 S 44 PR el B4 Jry il
FRIFERRE . Bl

X EE K et E, HIannrpAE HBRESEEL:

(40/77)(1-6(r/e)’ +6(r/c)')  (r/e<1/2)
(80/77)(1~r/¢) 1/2<r/e <)
0 (r/e>1)

K(r,e)=

\.

¢ FERDCALHREE, —BUEFE=1MREE: =3A
Con, LR Y ML J5 38 05 BB 1A B 32 ) AR AR R A 4

r=|c, -,
G, Soren 10/122



/
/

MOE-KLTFSE

8.2.2 KR BMBENL GEH) HiE

1. FRRERSH

HuEft e RFERESTR, REEAR BB E e
%, K@ OHSEoRRBRPAT, EAALEAE;
RGN T, BHEdEMES .

R :

1) WHEARMEYE; | oV A

2) B#EMZE ER NI REE/ EREH; | TTHEMm
TR A2 B R B0 A 2 ) 5 R R T T WA I A i

§+u VC =0
ot

— AP LA TR B BOR B A B3 e AR 4K .

(B, Goomwrrewm 11/122

]



/
/

) THEALE MOE-KLTFSE

K¢ VOF J5 2 B X L Wi 28 A~ fE AU

::O
€ i.vesec V=0
ot

By BER R

g+v-(uc:):o
ot

SHEBIARAV, BB EAGR S

(C*—C')aV + Tt <ﬁ (GC)-dAdt=0

t AA

EHEREN | | FREAER

AIAE Y, VOF & SCHY A T PR 32 550 18 AR A W Y
MRS, X T VOF T IRRRORE T B4 ) i B - 1E.

G, Soren 12/122



/
/

O F4iArY

2. R YR S#

MOE-KLTFSE

VOFJ5 R B AR AT AR A 57 = i 41 5 X TR 40 i )

BURR A -

HR, BTSSR By #, XERRSAREH
BAEHESE AR TP F R B2 A7, MR a2 #E R

AT RRGEX AP, BENAAATBIE AR
BE. #i, HARBIEHMUSCLEARBVOFTEE.

Meth. Fluids, 68, 181-195, 2012.

S.Y. Lin, Y.H. Chin, C.M. Wu, J.F. Lin, Y.C. Chen, A pressure correction-
volume of fluid method for simulation of two-phase flows, Int. J. Numer.

Jr— o0 5 N i ) O Y R PR LA B 5 R T TR SR AR

VOFJ5H2, JXHFRI DAGEHEA AR ef B i B BR

CFD-NHT-EHT
CENTER

BB H AR FEo

13/122


/
/

D dprird

8.2.3 JLNESHiH# 5%

SR TR

— B % By 23 o
LA 5 65K i VOF BB & A2 K.

L. RIS IR
(1) FFHEM (

Reconstruction);

~Sr eI C 2376 T BE A A0

MOE-KLTFSE

MR T

W0 < C < 1Mt RIS R, BAWMEESHNE.

VOF#H 5 1 Ky E
LA R

(2) FmEiHE#E (Advection); HERIXELN !

Ao E A

AR, £

CFD-NHT-EHT
CENTER

R HATAE, HHEARE
=2 R i P =3 SRR E Y AT R

B, BMRE—ENBRET, MitX—3k

SRR

MR

MR Z

14/122


/
/

Zi%ﬂ

A—A~— 4 15 ) R 15 B X A 2B B o
i+1/2
— U

(1) R E

RA

Ew,ﬁﬁ5ﬁﬂﬁMEﬁ

:Ax

CFD-NHT-EHT
CENTER

1

Ci

0

I-1

¥

it I RREMNE; MR L, 35
his AR EOT -

1+1

‘CiAX‘

MOE-KLTFSE

[ mmmmw

. HmFE

I-1

1+1

|

SR A AL T

15/122


/
/

D T4 MOE-KLTFSE

(2) S ek u:i+1/24At

:CiAX; __)ui+1/2

-1 i \_'_I i+1
(1-C)AX
MBS =1 FRA IR | BB TRARETR -

|:'—1/2 — ui—l/ZAt

MBI | FEA PR | +1 AR -
{O |+1/2At < (1 C)AX
Fop =

U, At — (1= C)AX Uiy ,A> (1-C)AX
VET—IE MR | B AR R

A
Cit+ = Cit +(F 1/, — Fi+1/2)/AX
B e 16/122



/
/

® 745418 MOE-KLTFSE

3. R I HIZP K R

B (R, —F.2 [ Ax= U ,At=u,, ,At) [ AX
5C HAMHRMEN, HHHEBERELPME  UkAl

max <1

T1, S—ARERENORHFFe, Witk: - A

BIEESR — A~} 1) 25 Rt i BE B A R A — A IS I
B ZE PR TR K

X0 PRI B 28 CFL(Courant, Friedrichs, and
Lewy)gkfk; el KB TTER
AX
u

max

IXHEB Co, B CFL %I, ArRA Courant .
LB R %R Cr = 0.1EE E /.

B e 17/122

E,

A=C,



/
/

MOE-KLTFSE

4. :?EFFHE':# B
(1) W HIR &5 M 5

(2) iR EALE ;
|1) Hirt F1 Nicholsi B 7 & |

Ye— A RS N R R R — 2
B, BERHFIR —H—: EAKE, B —
LEE. BB ANESIATARESY —A—h
R — 4 BT K = |
" BAR, X — P ROREDRS 0 SR T B f

(5L, Seonwrr-ewm a1


/
/

® 745442 MOE-KLTFSE

‘2) Piecewise Linear Interface Calculation (PLIC)EM K % ‘

Be— WA RHRRERN—%B. RBEATURER
C A ESENT R YL E A R

A

PLICE M5 i B e 68 AE T ml W o+ A 1l )5 1]
Huj, PLICIHRERERR) ZHVOFRAHEM G L.

(B, Goomwrrewm 19/122

W,



/
/

MOE-KLTFSE

\ i\ /
(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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12228

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-
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When the height of liquid over a héating plate Is less than a
certain value boiling heat transfer can be significantly enhanced.
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Fluids, 2015,118:293-304
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(2) Numerical results of bubble evolution

(1) Case 1

B, S = 88/122


/
/

FESERL: MOE-KLTFSE (&

Effects of bubble on flow field and temperature

0.6

W“““‘“\
504 / P attbhta. W \\
g / /r W\\
% 0.2 —a—y =0.05mm S
——Yy=0.21 mm
[/ ——Yy=0.4mm ‘\\\
'0.00 0.05 , E)n:!.]?n) 0.15 0.20
Axial velocity at three
Temperature and velocity at 0.5 ms positions

CFD-NHT-EHT
CENTER

89/122


/
/

IZSERS MOE-KLTFSE

Temperature and velocity at 0.85 ms

he bubble contacts the top wall

0.15

T'Tsat

0.1

0.05

B e 90/122


/
/

@ spidr¥ MOE-KLTFSE

Case 2

G, Soren 91/122


/
/

5

FHZAA

z
/‘\ t=0.14 ms
X Y

CFD-NHT-EHT
CENTER

0.00 ms

z
x/‘\Y

MOE-KLTFSE {&

Case 3

t=0.30 ms
=0.17 ms t=0.23 ms

2 0 ©

92/122


/
/

@ spidr¥ MOE-KLTFSE

Case 4

B, S = 93/122


/
/

MOE-KLTFSE

(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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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. SHEIERIREEHE
4.1 Physical phenomenon

When two micro-scale water drops coalesce on a super-
hydrophobic surface, the merged drop will jump
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;
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4.2 Symmetric coalescence
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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 = 100/122


/
/

FESERL: MOE-KLTFSE (&)

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.

G, Soren 101/122
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4.4 Comparison with experiments
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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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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 Technology, 291 Daehak-ro, Yuseong-gu, Daejeon 305-701, Republic of

Korea

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

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

to 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

work, but the node in the present work. This is because the nodal
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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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 Manufocturing Engineering, Trinity College Dublin, Ireland

Sun, D, Tao, W, 2010. A coupled volume-of-fluid and level set {voset) method for

2002) or an analytical solution (Ménard et al., 2007). Although D, Tao, W., _
most coupling models solve both the LS and the VOF advection computing incompressible two-phase flows. Int. J. Heat Mass Transfer 53, 645-
655,

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 105/122
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A Sun and Tao (2010)
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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 — ‘075‘ = 1‘ - '_1fsI — |2I = ‘275‘ -
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.
CLSVOF (coupled level set and volume-of-fluid) method [7], THINC (tangent of hyperbola for interface capturing) methoc Comparisans of the predicied front locations wich the
perimental data [32] and the numerical results [10].

[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. J. 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 Ooran Engineering. University of Rhode lsland, LSA

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

Insnmute for Compumtional Modeling in Civil Engineering Techniche Universitoet Braurnschweig 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 p); =6000 (hence
21/ p5 = 1000); the fluid viscosity ratio is ) /s = 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 LEM for

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

the predicted bubble shape and flow 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

LJ7/122
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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 Mechmical 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 “_”""3" 2015 . schemes are mass conservative but cannot predict the surface tension with a2 good accuracy. In contrast,
::E;Tt:ﬁ: ;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 ropology logical changes of gas-liquid two-phase flows. The results show that in addition to being mass-conserved, the
VOSET

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

iceable.
R i@ 2015 Elsevier Ltd. All rights reserved. '8/122
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NUMERICAL SIMULATION OF A FALLING FERROFLUID
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