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V-u=0, (6)
ou+V-(um)=-V(p/p)+V -(vVu)+F/p. (7

2.2 A E4EH%FBoltzmann Jj 1

P H AN, A B AR R & T BGK Al
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Figure 1 Diagram of different lattice types.
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HHHTE, 2RI EA[=C(x,t+5,)— 1117 J& H JE )
FHEL AT RAAL, I S BT AR ST, AR
Ji B A[=C(x,1+6,)] B & Bl AR SR e AT R 7. X R
JoT B ELT o Bl R A AN

C(X teo,t+ 5t) = C(X teo,t+ 5t)+ AN oo (20)

Ao, Wi oe, 0% e >0 Hx+ed HAEHAH
JG, n=n-e, HWp=0; XFiL=8Ic, nfn-e<0H
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ZAP BRI T B R A R

T S R o5 AR B e A AR, EB 0 2 AT R A
RENK), TERATEM. SCHR[26,27148 i, fERHATREN
S AT BR B IR, A e e fH SR AR BRI
AT R BCRSR O, B R R A QDT EM
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F% 077240 1 H T A 4

REiZfa 2, AT R bR #EBGK-LBAE A (1 Ji5
UG E TR, TR AMEEZ X RN p =pel, 17
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p(x,HC(x,0), THEARRFRAREI > B C2 2 3% AR
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HBIAT RAELBRAY, TR RN - —A 2 1E,
TR B e e v S W i &, oA 5| NS Bt
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T AL LA

2.4 Level Seted 315475

M E T A3 5 T LAE B T )
il Z R HERA TH BN T S AL S R A EE L AHAR
TVOF 77 %18 i I AR R4 B C(x, ) AT AH L) L ArT 22
B, LSERELE TSR A & A0 ih 26 oM HER. 1 4LS
T7VEFET I S ks SO LS B A AT B HOR M, TESR
fE R SO\ T BUEFERL, Soma 7 S8 Bk . AT
I U VESFARLS R AL, PRAE T SRAFHRE B (14 [R] B 42
B 7R, R T S PR AT R A

BT C(x,0)TE H B AL B BR 20 AT, M LS IR 7 )
TR PIAERRTHEL, 7 B AR R 2 B C(x, 14T
Jit. A SR FH 06 2R ECR K (x,e), %oF LRI (B 4%
e=20,, S AMIEIDK. RAGIG B4 R 57 45 5
C'(x,0)TH S G B ITIE [ En =(n,.n,), Hg kAN

n.=-VC'/|VC (23)

FEIRIE A En e, T BrE VR A A
(piecewise linear interface calculation, PLIC)X} 5[ #.
TCIATEM. K2R, B SRRANE SER Y S T R
1k An >0Hn, S0, S B 2% 77 R T LLges !

nx+tny=ao. 24)

Fr i T R B SR Oy
(@ nyéx)zl}

{azH[(a *nxéx)z}*H

2n.n,

A, H(x)NHeavisidelf B R %L, 38 2 Wk AVE B %
FNETT UL O B A A R S .

ERB AT TG, H=MAEJLFTHEE 2
oo A2 A Sd, S E3 TR =R
AU ol Ty i R 6 540 5 BT BT L IS
BREAHDS, NN TR, LE SR Bl Z BT AT AR
10 AZE /NI [T Y L PR 5 0 ) A i R ) R
A, AR nEUA 3.

X TR bRIC G R G, 3 T ) A 1 ST
JG, 1925 S /N B d,y, A BVLS BRI 4 Xt
. AR ETHE AR, ol St o FE B 7R bR id
TR 7TV LA OB LS R Ne(x,r), AR A
I B C(x, ) B LS R B p(x, )55, ST RIA
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Figure 2 Diagram of reconstructed interface lattice.

C3 CZ
£R3 A

B3 s A oo T R
Figure 3 Diagram of the distance between grid node and recon-
structed interface lattice.

B W

d_..C(x,1)<0.5,

p(x,1) = —d ., C(x,1) = 0.5. .

FTHAFMLS R B lo(x,1), 7] LAE Bt 5452 A H
e, N
n,=Vo/lVgl 27)

AT N HER LSRR &L, ARFEAF 20 n, X FE i
BEAT BRI BT o(x,0). ARGESCHR[11] /3R, EE L
WADIRIIR, TG RIBON & B ATLS R Bl (x, ) I 45 R

2100

IR R ) BE T S vk 1 B TR B ST R, T DAFROR
%[10,42]

k=V-n, (28)

25 WHEHRE

X T AR SCR SR H B L) fICVOF-LS-LB
Tk, BRI T

(1) THES A WA S E 461k

(2) MRHE(TOYFI(11) S5t 8 52 43 A7 bR L f(x,0) FO il
BT R, RARQDE H R &, A
(5T W&

(3) KHAA)M(19)THHE B H 1 o7 &2 it 7%,
AT TR G B AR A B C(x,0);

(4) B TUA 5 A ELS R $o(x,0), HRIEZ(27) AN
(2843 TS ST ) om0 26

(5) T (Q20)% S ST 5 AR AR o Bk A7 HORT,
SEPLE B B A AL

(6) EEIDEQ)~(5), EEILTA E T A).

3 BRI SERTE

NI UE AR SC T H RS & VOFFILS 77 v 11 H i
TMBILBELA, KA T 5 WU sh R0 i o v i
FEIGIE TR AUAE B b TR P b R AR ARG 1) S T HE RS
JE. EHRFFRULH, fEB 0 =0~1, % Ep=1, /34 b
BRSPS YIG. VRS F 3218 A0 il R
THE T A0 25 Bz, # R H X (23) M 28) St L
Al ZH11 55 77 e N VOF-LB 7 ¥4,

3.1 BEE

Y£R8 B TR AN 2 S, e A3 7
2 Seu SR aE Y B4z iR . Y
WRRAET, FKAESE BERN S B 2 R LAN2L,, F54R TR 5E
JE RN = BE A3 9 NAL AL, TEEAERT, KERAR
3. B 3 S N TC I A T I A

THR IR TR AT DU R B RAE,
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u,=2.J2¢gL,, (29)
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Figure 4 Schematic diagram of the dam break problem.

RRN

t"=1t.J2g/L ,x* =x/L,.

R U 5S40 3 N L.=0.292 m,
p=1000 kg m™” !

(30)

, v=10""m’s™", g:9.81ms_2, o=

0.072 kg m™. FEREILAR, JIE AT R4 AE, HREE
JEu BB N0.02(k T84 SR ETHEL A 230
N, *xN,=240x180, 360x270F1480x360. i /& 3R fF A &
AE SO R o R S E R, TR AR L R A
B kg R T D SR 1T

B g S E AR B E R AT VL B
7 AR A 5 2, 45 SN &5 . AT LAE H, % T VOF-
LBFICVOF-LS-LBM K51, ANE MIA% T 1) H H H AT
W REEA 3, FEMREECE R, 2 niest
ZREE. A EUETH 45 R 5 SCRR[11,31,33,43]F 11
SIS SRS RS B, I0UE T BUE AR R S 1
HERfPE.

WEl6FTR, HE—245 i T 480x360M 4% T, T &4
B[l =1, 2F03(R1=0.1, 0.2710.3 s)B ) [ B T A2 5. 7]
PLE HY, VOF-LBFICVOF-LS-LBJ5 %15 5] L fiz & Jk
A—F, H5CHER[31,33,43] MBS B —3, =
CVOF-LS-LB&5 SR 1 S BAEIR, WA X 8 44 R
B AN A, 5 SR AR S R AR IR R A

1 BIIEENZ Y
Table 1 Simulation parameters of dam break problem
. PR gy e T
4] — — - X
M 5KS, (m) RS, (s) i LAY $ A g
240x180 2.433x107 1.43772x107° 2.428x107° 8.333x107
360x270 1.622x107 9.585x10™° 3.642x107° 5.556x107
480x360 1.217x107° 7.189x107° 4.856x107° 4.167x107
(a) 4.0 (b) 4.0
@ Martin and Moyce, 1.125 in. [43] @ Martin and Moyce, 1.125 in. [43]
O Martin and Moyce, 2.25 in. [43] O  Martin and Moyce, 2.25 in. [43] a
3.5 0O Satoetal [31] 35 O Sato et al. [31] Ie)
O Watanabe et al. [33] O Watanabe et al. [33]
% Sun and Tao [11] ¥ Sun and Tao [11]
3.0F Present, 240x180 3.0 Present, 240x180
— : = Present, 360%270 — : = Present, 360%270
=== Present, 480%x360 Present, 480x360
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Coupled volume-of-fluid and level-set lattice Boltzmann method for
free surface flows

LIU Xiang, TONG ZiXiang, WANG SiCheng & HE YalLing

Key Laboratory of Thermo-Fluid Science and Engineering of Ministry of Education, School of Energy and Power Engineering, Xi’an Jiaotong
University, Xi’an 710049, China

As a representative two-phase flow problem in practical engineering applications, the free surface flow is often characterized by a
high two-phase density ratio, high Reynolds number (Re), and a complex topological change of the phase interface (free surface). To
numerically simulate a free surface flow, it is necessary to accurately capture/track the location of the free surface. In this work, a
lattice Boltzmann (LB) model coupled with the volume-of-fluid (VOF) and level-set (LS) method is developed for free surface flows.
To reduce the compressibility error and limited stability of the standard LB method, the incompressible LB model with the multiple-
relaxation-time collision term is used to solve the flow field. Based on the idea of VOF, mass streaming and interface evolution of free
surface are performed through the streaming process of mesoscopic incompressible distribution functions. The complex interface
advancing and updating process of the traditional VOF method is avoided. To accurately solve the geometric information of a free
surface, the interface reconstruction method is used to convert the fluid volume fraction into the LS function. The normal vector and
curvature of the interface are calculated using the reconstructed LS function. Through this treatment, computational efficiency can be
improved compared with solving the LS equation directly based on a higher-order numerical scheme. Further, a higher numerical
accuracy can be obtained for the geometric information of the free surface compared with the VOF method. Finally, the accuracy of
the developed model is validated using benchmarks such as the dam break problem and droplet impacting the thin liquid film process.
Therefore, the proposed model provides a new strategy to solve free surface flows.

free surface flow, incompressible lattice Boltzmann method, volume of fluid, level set
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