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Abstract — The numerical simulation using the Lattice Boltzmann Method in the field of computational fluid
dynamics becomes wider in the engineering applications because of its simplicity of update rules compared to
the conventional Navier-Stokes solvers. Here, a two-dimensional D2Q9 LB model is numerically tested with a
few new computational treatment on the free surface. The single relaxation time is applied under the gravita-
tional field where applied only in the higher density fluid because of its big density difference. At the free sur-
face, the reconstruction techniques in combination with boundary conditions is adopted in order to get some
distribution function coming into the fluid site from the air one, and surface tension, early stable test for the
gravitional field is considered in it. With the implementation of the gravitational profile, conserving the overall
mass and grid dependency are observed during the calculations and freesurface advance track is well captured
with an experiment.
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& 7-3H= Lattice Boltzmann %] (Lattice Boltzmann Method:
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Tk, wmgk Akl Aaks 12 AFshd AR x, A7 el 9o
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Fig. 2. The single-time relaxation process ((a) Particle momentum
that will collide at the site P (b) Equilibulium momentum distribution
when =1 (c) Outgoing momentum distribution when t=0.5.

2.2 FHISEELHOA THAAIZE 2B ¢

e 2kskA 7E 9l (Single-time-relaxation approximation)] 2-&
e A (el whet mll AIREARS] FE= Qlete] 3T
T (&3} srhs o)) dlEEe], st w2 jtol 191 -
2 (1p] Gl FBFO) QBRI £F+ AL 1+ A+ 1) 7}
= Fig. 298] T4 p BOFE B9+ BE W] 52> FHE
27} o] WAl frkFig. 2(a)elA (b)Ee] 713). 1ok 1] o]
0.5]1 %ol &> B kel FulolA S=49] ah=
Wl g2jo] = Zlo|thFig2(a)lM (o)e] 1) T 22 ¥
& T lswE oge] Wekow o] AXA Ent. uf

=

Amsic), 94 A
A3 (g 07 o]
FAR F &S v e HaHRl AE A @9} Eol Fels A
CFL 3= 0.82 F31om, Az}
FE e 0= AlEoIAY wet 0.00250]8F= A|$H SHAT.

I

lr}]}i
)
4
&
o
i

o
N
ro
)
ok
e
&
r
¢

o
2,
X
el

A&aA TR AR @A AT E T =HE, Tl
sHAIG 1= A (5)ell Bl T8 = A FTk Fol Xl EA O
A1) AdAT7E TR A (5)ell Wb AlEe|o]del e
SIS AXKEE 4= Qi) T2u LBMOl| ARE & v Ao
& = Q= AT 2ol LBMOA 8|2 QFg/dell &k m
ZH[Elo]7] % 3 1= 0.5017%9] #h& 7HA ok fradE 7Rl
wEba], 12 gkl 0.5 gkell 7RG /Aol EA1E ob] &
T oz Fos|jof st} & oAl 0.548<1<0.5962] H
ol X AlEElel S 4313t

At = min(CFLﬁ, /&'Ax) )
g

Uecen

2 e

2

L

A= 3

r
&

5y
O

V_A_z_ _2t-1
A 6

’

V' =

®)

2.3 XipHoflAMe| 22 Ty
AAREZNPEHE o]830] 7)o oPdRAR= 7]Agh A 5 7He]
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2 v, o1F Sl oleld o ® FAsIIT 7] Al g
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Fig. 3. Problem setup for the density gradient.
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Fig. 5. Schematic view of typical Dam-breaking.
3.2 Dam breaking HMEA|
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s e =9 AR 23 Dam-breakingit-Al
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FEE HoF=aL k. B3 Table 19l AlAtA]ol] AR8-3E E2]%4
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Table 1. Parameters values for the test simulation

Parameter (s) Value (s)
Viscosity (v) [m%/s] 10°¢
Surface tension (o) [kg/s?] 7-10™
Gravitational Constant (g) [m/s’] 9.81
Density (p) [kg/m] 1,000

1.045

(b)
1.040 -
—&— Density value at bottom

1.035 -

1.030 -

1.025 -

1.020 -

1.015 T T ‘ . ‘ ‘

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
t (2g/0)°°

Fig. 4. (a) The density as function of non-dimensional depth for a fluid with p=1.0 and 1=0.596. The arrow is the density profile for the
steady state. (b) The density variation of a point at the bottom layer as the time is evolved.
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Fig. 6. Mass conservation check in case of 100x100.

Table 2. Parameters values for the grid dependency test

)

—— 50x50

a4 | 80x80 ,

— — 100x100 /
® Experiments[Martin et.al. 1952] ‘

Zla

t(2g/a)>®

Fig. 7. Comparison of the water front position with experiments and
other simulation results.

50%50 80x80 100x100
Ax [m] 5.0x10° 3.12x10°% 2.5%10°
At [s] 4.0x10° 2.5x10° 2.0x10°
g'[-] 0.0025 0.0025 0.0025
T[] 0.548 0.5768 0.596

2} dEskee) fAlxZdeke] 2o s 900 A Aeke] Aphe
Wk A S REES ) Fig 6 A7 Q] U 4
21 5050, 80x80, 1001005 Bi5te] 2eke] W3ls ulwsk A
O F [(my,-ma)/m;, <100 AXEE FA4 A= 27] §A-A)
Azl v&-S LERd ZAolt) 100x1002] 7ol A M3l
UeRgIglom, Ax7} 2k T - vl5st AEls ERIEI
At o] Aol ZIo]E 0.0025 mE FoIF S woll Al71A] A=}
= 50%x50, 80x80, 100x1002] 75 EI2~Es| Ro4Tt. Table 21
Z}zte] gheplelE YRl eH, g9 gk sdatH, At Zhot
A = gho] ARS & 5 9tk S AlEEe)Ho] egH Ak
O F FoHIthE 2Jujoltt, Fig, 6ol ZAlrel| e Ao nEsS
AlEH oA 3 Zg-oltt, gl {7} vhA W] FElx| 1 gt
AR Al el A £0.2%2] wA4d M} A4S 1 o
Foll= ARFnEo] HdgE & 4 Stk

Dam-breaking®ll ¥t 7] A3 T (Martin et al. [1952])7}
H s Tttt T2 vae] oo zE Ho] S EwA 9
A ] A B Adeke] 1A e e XS AR
A= v waeleh webA Fig. 70l ¥ AL sk ddo]
= wsteRde Bladt 2e2E VERASITE AR [100x100]
o o A} P vl ARl As o 5 9l

Fig. 8°lli= ZA1 [100x100]14 W 9] F41 AlzHE f-A419] =
s YERSTE A $574¢] FHE AT EY, Fig. 8(b) +5
ol o] FH-91 8] FEA, S FRA 1 b FHe] 55
o] Z ¥3H L = Aoz ARHT o, WA A% no-slip
of whet A Wel] dolals A, fAl7F Blel] FulX A ¢

(a) T=1.75

(c) T=5.26 (d) T=7.01

(e) T=8.77

Fig. 8. Free surface movement under the gravitational field.

(f) T=10.52

5 2ZA4 9 4A QAo Bl A7k mesolol sh= 4
o] ‘ot gltt.
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2 A3 F2 ARRARE Ulel] "R
7 AP oR Ao R ByxES gt T3 LBM
Z}x}ﬂﬂ o]F/do] vEhdE gRleilom, Btk o] Ao At 4o
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