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Numerical Simulation on the Free Surface using implicit boundary condition

ol FHY, ¥ AW
G. H. Lee, ]. H. Baek

ABSTRACT : This describes a numerical method for predicting the incompressible unsteady
laminar three-dimensional flows of fluid behaviour with free-surface. The elliptic differential
equations governing the flows have been linearized by means of finite-difference approximations,
and the resulting equations have been solved via a fully-implicit iterative method. The
free-surface is defined by the motion of a set of marker particles and interface behaviour was
investigated by way of a “Lagrangian” technique. Using the GALA concept of Spalding, the
conventional mass continuity equation is modified to form a volumetric or bulk-continuity equation.
The use of this bulk-continuity relation allows the hydrodynamic variables to be computed over
the entire flow domain including both liquid and gas regions. Thus, the free-surface boundary
conditions are imposed implicitly and the problem formulation is greatly simplified. The numerical
procedure is validated by comparing the predicted results of a periodic standing waves problems
with analytic solutions or experimental results from the literature. The results show that this
numerical method produces accurate and physically realistic predictions of three-dimensional
free-surface flows.
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Harlow$®t Welch{1]= A, HitEA Rl Wi uAH4 el Navier-Stokes WAL 4 s
£ Explicit Finite Difference scheme®] MAC(Marker And Cell) method& HZE 72¢stdct. MAC
methodt staggered grid, BEFEH Y £5F WA 282 AFEHY AXE el 948 23
9 2Hmarker particle)?] Algo2 EAA 7Y 2 F Chan® Street[2]¥= “ragged surface” /N'd&
=93%td zAFEH FARNE AAZXAE Fx F9d LA MACHYEHE= 29 A4EDA &
Aol 24 A7l SUMMAC(Stanford University Modified MAC) method2 7Q@3le] £ A4t &
DAL AME 2 HEAHYE F7HNAT. £§ Hirt®t Nichols[3]E VOF(Fractional Volume of Fluid)
method& ©]4-% SOLA-VOF codeg Ne& % on, Tang Patell4] solitary wave& #2437 ¢
3ty MACH¥ 3} FA(Finite Analytic)®'8& SIMPLER Algorithmo] 2 &3lo sj4jslgdon,
Miyata[5]== TUMMAC(Tokyo University Modified MAC)method& 7§35l AA3sl:= w) F49 =
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AR Fojzon, ¥ 23Y /59 HLHUAYL 2 o)fE 34Y AFEH ¥ FAAHL
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7] p9 substantial derivative 3& H4EA A FS golm, F79 &ML surface
wave +F2 Zfole T2 gornz uUAEA FAZ 7HASGE Frysicd ole} ol gl 7
A A AA FERIN V- vE Foln JHY £5FE AN L5 ulste] s Fo
22 ug 7A7t FEAole BAAE LFF BAYAN V. vE TP F& go] ¥y

22 AFEAL A
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Xp = Xp
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z, = 25+ w,dt
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222 AFEE P4
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2.2.3 Local density®} viscosity®] A4t .

EAYAEL AFEEY YHE TASEH VAL B W ohyzt AFEA AfH Yo
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O ag = BO tiguiat (1 — B)P gos (3)
oavg = Bl tiguia+ (1= B gas

224 ¥4 A
AfEA A AA e F, ojwd AAE TEEHA G FAAAH] VA Ee JAZ QYA
AE7HE Fig. 28 2ol AAAHY F4 molA 718 714E 448 B, ¢ 99 Y4AE A, C2 39

Zm Zmae Zma 2B, O H5 ZF o8 wEsTh

23 AMERd H FAxA

AMELL Fig. 3% 2 A% F3o|9 wave amplitude (@) st A7 (4HE WANARAN §
PP £ AN ALE AN AR AFER AL 2o JHEA d2817] dHA AHEW
XA 24 FHE A, F£AY dAME #LE AAE AHLEAGY AAzREAL £33
of disiM e slip 288, vl (2=0)l A & no slip 23& HE3tAo
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Fig. 4(a)~(h)& 1F7] $¢ 4% vectord =Z7|¢t wefo] W3sl= A& Yehdch Fig. 4(a)~(d)
M= x=25m, z=5.1mY ALE FALZ FFo] AAHoZ WAA AT Fig. 4e)~ (W&
AA oz Agsch =AY (x=0m, 5.0mAAs FAYYE =L Yehta, x=25millHe
S £ R0 Ueldt o850z £r o] gof HoA BE o127} potential o]
7b A& A7 1/2F21(t=1.268sec), 1571(2536sec)ol M= &59 A7} o] ¢ ZF2RAL& B $ ol
gt AfEALR 7Y Fd e £ vectord 277 AFE B 4 Atk Fig. 55 157
Sato] x=0m, 2.5m, 50mol A EZYAte] 4, ALY S248E FAIF Aotk Fig. 49 £=%
Yo AFHoz B & %0 12572 AAHA 539 HFo] vy RS 4HE ¢+ o
FAYAN ZHAAY £YLE SEHEL F4 92 9, £AYYg SRS AFEHo HH)
A HE 1/437)(t=0.634sec), 3/4571(t=1.902sec)oN A} M ¥o)Eo] &N F& Ak 0.124m/ss}t A
o] A EEe g&& A x=25miNE XAURY FHYF SRS 1/4F7), 3/4F7)04 A8
o]Zq oA T HAdigtnt g & g v, FAEE YRS A g4 g A7ho]
Aol wet F717F WEtA HolA Mool o3 T £x HEol Ad, FAFE AL AT
g4 XA %52 B & A9 Fig. 62 17715 AFTEY 34Es8E Jetdo, 534 9=
x=25m, z=5.1m<% AL FAHoe2 A3, AFIEH PAFEC] HFHuFHANAN dA&A Fu i
o}y qlth. ol HAAES T AR AT FTIGed HAAM FIERF FAV Ux,
amplitude?} F7Fgol el AFEHA ZF9 fluctuationo] AT AN A FHANA Yzt
£%7} Go] HA gold A FAo] thx £Fe]7] YRo|th Fig. 714 AHEAY F4 WL 3
A9Ho2 Jehch
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A FAA Ay o]Ed oA HAde 9% @A wave amplituded FaAl7|E Aoy, 1
%, 9143 (phase)ol= FFE vIxA gech a2y vddddrs d4 d8e REAE WA
4. 4% +98 Eo1& 71X wave amplitude®] ZF4E ¥ SHY FAZAAN dojus A4 &4
o] Fo% gole] B 4 UMYl o F71&%F F wave amplitude’t AA2 stz goln 7
2 3a}. Fig. 82 t=40sec5-¢t fZ¥olA H-EHS amplitude WEE VeEldth A3 o] &9 v
oE B o Aol A& wal amplituder ZFH ZH 39, F1E 234 dojX e A#¢L Uy
Wit

4. 3 &

E AFdNE AFER S £utg 339 /58 84357 Hstd AFHELPYH L AHEEHA4Y
o2 WYPANA AFEH 3T FAZAE AH F45A ¥ WAz Rogsie Yge AHE
o AAsiged, AFEH 4 ey HAed BHYAE AFEBF AXAA Lagrangian
o] olsiA] AAsIAT o]2 3 v & periodic standing waveol tHElA sA§ A e e
HES AU
1. amplitude?} $718 52 A/ EH| oscillationdtH Al EA4AE P4 e,

2 8 2AY AAS L FFNANY FAEUZ 8 wave amplitdet AW 7] ¢ F A
ZasA 8d.

3. FAHY 47 AFER] BFE FAzAE AY A YaME 349U AHEHE £FL v
H AgatA f4g & dgel FIHUD
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Fig. 5 E¥gzte] £=83 (a=0.05m, 4£=0.02sec)
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Fig 6 A+EH A3 (a=0.05m, A£=0.02sec)
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