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Abstract — The boltzmann equation is based on the particle distribution function while the Navire-Stokes equa-
tion based on the continuum theory. In order to simulate free surface flow, this paper used the Lattice Boltz-
mann Method of which is the discretized form. The detail study on the characteristics of the Lattice Boltzmann
Method for the free surface simulation was investigated. The developed code was validated with the traditional
dam breaking problem by tracking the front position of the water. A basic roles of density functions in the Lat-
tice Boltzmann Method is discussed. To have an engineering applications, the simulation is also conducted the

free surface behavior with an arbitrary wall geometry.
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2. Lattice-Boltzmann Method(ZXI==CHH, LBM)

W= (macro)?} FIO]FE (micro)?] $7HIIQ] HZAAIYU (Meso
scaleys UV O R Sh= B2nPgdale Axre 914, &5, Azt
o] g0l FAET flxvu,NE G 2lskal 9lom, 11 EF] &
=7 QARG 25 Y gkl frow £ Ul s
323k}, Bhatnagar et al.[1954)7} B2RF 7|2l SR
< FIro R AR =wAlE ol o] f83 ERA Y 9EE
ZHA H o, FUH (phase)dl D=2 WFo] FAIE 5 S
AEZ Zth= 78kl Chapman-EnskogdZ/NE AXA = 2
= B|4EA 552 Navier-Stokes7d 2] © 2 & WHEke] 7] FHth(He
et al.[1997)).
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(-1,0), (0,-1), thZP8Fe] £785 (1,1, (-1, (-1,-D), (1-1)2=
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Fig. 1. Two dimensional D2Q9 model.

al.[1997)).

£ = wlp+3eut Se w'=3n| )
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wis ATEA 71 7FEAIZ W1 1~4Y = 1/9, thZAE
Q1 5~8dml= 1/360] 2T T3 0 U w) FA57ES fro=
g(p—% 2)3 T3l Bl 3573 -5 2 ¥ 9l (incompressible
limit)ZA] Mach 7} W= 7-9-¢ll 21 )7} AM7Fs31ch(He et al.
[1997]). B3k 2] (2)ll Yehd Sl vhaE AA1Y o] Eelol,
T iRl s Wi vhe o] ndEh
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o] EL;H §]_ St= HLz\lo]cq 23HASG 1= n A f?q_Q_ 7=0
2 34 ntl AFAN 9] £ 3hs AYshs 98-S $ith LBMelA
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= 7HoRt fa/dS 7HITh whebA, 2] grel 0.5 ghell 7RI
5 Aol FAIE o] & Lo R Fog|of gt & =
ol 0.505 <1<0.9532] FEolA AlEHoldS a5kt
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3.1 A= Eaxeks © 7
oL S8l A7+ el oisl e =
oy =%

=
U5 ALg-3R= 7]} (Orlandini et al.[1995])°]
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Front Capturing Method 2}

o% e F 3t 5, F

o]th(Korner et al.[2005]). Rl 7«']]"} Az A LA o= G4
27k} g5 EYTTE e, 0y Aol Eo] Afrakar s R

= sgelpolt,

m(x,t)
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A el Q1A A Jhel] Agke] Wsh= 7 7HA] 9
ot A HWH# FAA(100% &
A= Ao A7re] Aeko] )
3he Qe Ao R 7Pt BEgrR ool Ak Wah=

Am(x, 1+ A1) = J(FCe+ et 1)~ i(x, O)(E( + AL 1)+ o(x, 1)
©)

o @tk @A T o) Wl WEeE 4 (6)) 5 2850
A B 7919 Ao W) AT ol o= 3} F919)
AT b e Fagkold, F A BE ARl

AW LRl AzeRre) WakE ojulait. 5, 9] A
olks} Bt kS wet Amato] o)Fol), el A wh
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m(x,t+At) = m(x, 1)+ ZglAm,(x,t-FAt) @)

257

b slol o] Alg deke 9] Aal
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2 ATelA el Fgo 2= FHE o] Hr, LBME o435t &
o] Fg-2 @A Wao] AAE o] ltk(Buick et al[2000],
Wen et al.[2012]). ZE Aol A] aﬂ,t‘g}O} T BTS2
A7 el ARggRo B A Al Ao R Agshs S avE
5Fe] W3R M & 4 ok 5, w'=u+1F/p =u+ t(wsege,)
v Y9 At X3 S5 vehdt o] $92 (4,7, 8) W

Fo = k] #tel (2, 5, 6)elli= 52 #hol Ag=H, (1, 3) W
SRE FH/REL ALEA| et SEEe] ol tisiA] s-
1ol ZpA18] AFsksict.

Z=WbH O] A 2 4)2] A el w3
< #ote] TdEsKITHKorner et al.[2005]).

— X =

S, 14 1) = (foitt, ) + i, P)) (1 + k) = £, 1) ®

o714, o THAH, k= 52 LYERIM, VOF(Voume of Fluid)
1)-2]of] 220 129] Marker-and-Cell 2-112)Z(Hirt er al[1981])%
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# =elM vFaL XH f& o] B A oA Tl &
o Werh Ao He] gl FEfolvt ukebA A A= Anel
SAISHAl ¥t Fig. 2i= XﬁUL A7l ZAbdae] Qb= 74, bounce-
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3ol Aol kL 7P e 7B9-5 clAlskar
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28 WalIT}. & D= |PY|PBIE YR, Zh0ake] Ui S
= Ut 2t
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Fig. 2. Bounce back treatment with inclined wall.
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S o] AlEEolA Aol 2-gshs BE A4 0 Tlelsjof
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HYHE Eo] A1)tk 7183k} 100x1002] A4S A2 74
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Fig. 3. Problem setup for the density strength along vertical direction.
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Table 1. Parameters of simulation for gravitational effect

Parameter Value
Ax = Ay [m] 2.5x10°m
At [sec] 2.0x10%sec
T[] 0.596
g'[- 0.0025
o [kg/s?] 7.0x10*
v [m%/s] 1.0x10°
p [kg/m’] 1,000

1.04 - . -
Density variations at pt2
» 1.03 A
(0]
=}
©
>
> 1.02 -
@
c
[0
e, 01 4
' Density variations at pt1
1.00 - ¢
0.99 T T T T T T
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07

t(29/2)>®
Fig. 4. Time history of density values at ptl and pt2.

A TR g g(A)AXE O]t gt TRV
S ALt Al B o)A FgolA] LBMS £8] a3E Qb
A7) ko ® s Uit o121 Fig. 4011 HERAZ 2}
o] ptl A2 A PR FESe] ke Ao vk
A gkom g B W] 7|2kl 15 FASkaL Qe Wk, v
Fo] p2 S0 JEs 7P wo| Wi (HOE 2719 B
Fgst WAlE AA HgstE o] 7he Zle & S Sith

UEo] RS ARt T T gA Hslol] whE
% FHlE Table 29] #k& ARE3to] AlEH S TR ¢
#ho] AW WEgHi7t AXvh= Z21& & 5 o AR dpldH

= 0(10%& Buick et al.[2000] Az} gke] WMol E3lAth(Fig.
5). B8t Fig. 5ol g A& @k(pgrnoll tisk LBMS] ALk 7}
A7 g ule} oF 2%~4.5%2] W] dths Ae & 4= Qo

Fig. 6= AATG A4 W7 (g=0.0025)7}F ¢F93} © ALeir)
g w7bA] ZF R 0~8)el e Uk FgkS b T19olth
AEgkE Tk gi% f02] ko] oF 44%, AAPEEEY] fl, 2,
3 18] 47} oF 10%2), thz2eke] 5, fo, £7 18]l 18] 2F 3%

Table 2. Parameters of simulation for gravitational effect

Parameter Value
g 0.0015 0.0025 0.0035
T 0.797 0.883 0.953
dpldH 3.6x10™ 6.2x10"* 8.8x10*
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Fig. 5. Density gradient with three different gravity strengths.
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Fig. 6. Values of density functions at certain point pt 1 and pt 2 with
£'=0.0025.
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TEkE vlas R pro] glo] o & 2S4Stk

5.2 LBM & 31| AIE20[M Al & 4

A Aol T EAle) ojEA AFARER) 9 B
Ao HE FaslelT). £99) Qaow fA7} sidstEA o
Bk Aol S Falslel Z1Ee] Ak w ekt vla 7
a9l @ AT SRk Alvle] e EF 0w ARlaks 137

2= 71E A3 F3 (Martin er al[1952])¥ B2 ko), =3

_E

)

Table 3. Density function break-down at ptl and pt2 with =0.0025

t(2g/L,)"°

Fig. 7. Comparison of the water front position by present method
with those of experiments and other simulation results.

Table 4. Grid dependency test with four different sizes in the same g’

GridSize 5050 80x80 100100 200x200
Ax[m]  2.0x10°  125x10°  1.0x10°  5.0x10°
At[s]  7.14x10%  5.64x10°  5.05x10°  3.57x10°
g'[-] 0.00025  0.00025  0.00025  0.00025
T[] 0.505 0.511 0515 0.543
AE =R o] g o] 4ol tisii® 7]%st3iT).

A Fig. 7 A ka2 Aukie] [sAz)E FApAR o
sto] b TJefazovh e A kel VOFAE ol Aakel
S LRSI AR Abo]zel] thgt <] © Tetsr] 4l
A 2201 AP 50%50, 80x80, 100x1003+ 200x2005 ] TF
(Table 4). 50x509] 73-9-& A3t AFX 2L ZGET FAll
ARpe]EA o] FEHAA VER A= G S Holn R
= AT Rt Axgk 5.0x10° A 52 W elN =Tk
Tl B FEYRE ufg o R o] % A EYoJAA AxghES
aFATE 2k Ate] 9= 3.57x10%5~7.14x107s o|m | 3}
5= 9] W9 0.505~0.543011, xR A7) g8 0.000255
st
TSt AlE o] Al AgRES A EE 7T & Ay AlEelA
Z71°0 9F 0.15%2] Zpo]7} sl ot Alito] B HA] 020
2 7R 7H= B3-S B30 (Jung[2012]). AEpAske] Aol
[(m,,;- M )/m,, 110052 VFERHSL 00, AR A AR A& (m,,)
7 27] FARAANEZ (m,,,) 2] vE-S vERd o]t

Table 5= b AREEgke] FaS gl flste] A&
ol & FGITE =, AT A%V AxE 1AL, g whs

FT=
=

fl

R

o

D.F. 0 f1 2 3 4 f5 fo {7 8
At ptl MEAN 0.43554 0.10888 0.10894 0.10888 0.10886 0.02725 0.02725 0.02720 0.02720
At pt2 MEAN 0.45831 0.11458 0.11463 0.11458 0.11456 0.02865 0.02865 0.02863 0.02863




260

oX,
i)

Table 5. Dependency of gravity strength with a specific Ax

g'[-] 0.00010 0.00020 0.00025 0.00030 0.00050

AX [m] 1.0x10* 1.0x10* 1.0x10* 1.0x10* 1.0x10*

At [s] 3.19x10°° 4.52x10° 5.05x10° 5.53x10° 7.14x10°°

T [-] 0.5096 0.5139 0.5152 0.5166 0.5214

4 ~—
Hpako] &edito] XujAQl 91X (Fig. 78] AR EEAA)Z
A7} oJ71A, woll Bolshs ke ARG AR SRS
31 G320 1A 3, T2 oz gako R 56,79 §Holt) T gk
AR FEAQEE e 0.1 g 7Y, dizhdere) A
5, (&7 3271)2 oF 0.039) #he 7FA 3 QlTh. Fig. 9914 Kxo]
- —— g¢'=0.00010 f%l‘% ;S]ﬂ]' jeli O] OﬂZ] 65]}\]—"_ ] O]E]' U/] —15:« aoﬂq}
3.28;83332 = w1dl 3 AR g Aol fA7) ol 2 Ul en 2 Bl
1 A s B8 297 WiEola F WAl S A AA Bk Xk of
° Bel4 AEo) fAlFo] Zeizt ZS uishy 1 U FE o8& wi
S B35l Solot JYolu thee] HL IEHH S X1 @
° ; ; ; : . EEOR fAVF sE1 gtk 21 PR Qltk 53] 3} 2
1

t(2g/L,)"°

Fig. 8. The effect of non-dimensional gravitation strength with Dam-
Breaking simulation.

0.0001~0.00052] HLUlo]™, 1= 0.5096~0.5214°]T}. g’ e A
e Ao Staial sh= ool whet gepAn, B B e}
A3lAlE 0.000255 B8ISIT g k3 Ar ake Hl?}%*é AXRRA] A
A7} Elojglom R F=oalx Aok gt

Fig. 8] AlE#lo)d Arfs B 2k g #lo] 2 ¢/ @) i
Aolgell 3lo] ulAlaAl FEo] QiTt. g’ ©] 0.0005L = FA
A7y AP Ao r Azleh= Aol k. &, & g’ 7k AlEdo]
A kel A b slel 7]ofshs A o2 shasict

Fig. 95 100x1002] 739~ A& 21#] [50,5]1412] F= g 2A|
(A~ w5 S5 uetk vE AR 8ol tisl] vebd Aot} 5=
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Fig. 9. Time variation with density functions and velocity at a cer-
tain point [50,5] (Fig. 78] APz} = E 9] X)),

6. LBM ZAIM A|Z2[0|M

M= 4782 FAPE HepiRielA] 71wt vlel| wheh Rk
A EAE fFAAEIMe] ThsetES Y daEles A
3l om, ZAApHo] xgkE o] Qli= Aol tisix AlEHoIAS
SISt Table 601R= AMEE SIElgke VR, ﬁxh*# 2000x500,
AxE 5x10°m, Ar= 0.5x10%s5 AFE-3FSITE ¢S 0.0005% 7§ 3t
ol ks FHuUlst & F "lsly] flslixleltt. Fig. 1000+ #
B e} o] & A= =] 12.5 mme] A 75 0] A
Hol Qi AollES Wi AlEde)AS 8ISt Al s714] AI7E
2ELS Ho] 3 gl 1= 0254 FoA FoEe] g & o]%
t=0.5¢ o BAFAS o7k FelE gR1g = qlrt. Z1 o]F
AW o] LA FolE 2 EZ %7417}
Ak AAHQ ZEAAL 7Fsd R o7 ol
A H LBMZTHS o] 8ato] UnkdA T819) AlEdoldE 7}

Table 6. Parameters values for the test simulation of inclined walls

Parameter Value
Numbers of grids 2000%500

Viscosity (v) [m?¥/s] 10
Surface tension (o) [kg/s?] 710*
Gravitational Constant (g) [m/s*] 9.81

Ax [m] 5x107

At [s] 0.5x10"

t[-] 0.56

g'[-] 0.0005
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Fig. 10. Schemetic view for the freesurface simulation with inclined
bed (units: mm).

T=0.75
Fig. 11. Free surface movement under the gravitational field with
inclined bed.
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