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Code Development for Analysis of
2D Viscous Flow with Free Surface

3 =R A 297

J.S. Huh and ]J.-Y. Sah

A computer code has been developed for the analysis of 2D viscous flow with free
surface. VOF method and higher order upwind scheme have been employed for the
accurate prediction of free surface motion. Surface tension effect and axisymmetric flow
can be computed by the present code.
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du du , du _ _ 1 8p % u 1 du _ _u
at T¥ax TVGy T T ax TV az+ a2+5(x ax xz)]+gx+fz
dv ov 0v _1dp 2“v £ dv
3t T4 5% Ty = pa+[0 +é?y2 xa] vt @

2 + +g
AT, &% g © T8 &= &, L9 L B8 %
Hol HEolg (e FEAS M) -:4'6]'04 F7td MR &7 00]d HAuFEAon
E7F 1o]d ABHEA S i AE5PAHA S onl gt

X714 & Predictor-Correct W [5]& A1zt 8o o] Implicit3tAl Al4Fs Ao
(1) explicit W o1& 7|zt A4t

+1(0)
U - u_ — CON" + DIF"+ SRC" = L v (3)
(2) ¥tE-3l 4 kol disto
2-1) & &% Ay ( UW)
A WA‘ U’ _ _ CON™* V2 4 DIF™*12 4 SRC™ — L g pt=b @
t e
(2-2) &43H Poisson WAA AAF ( p )
v - (—% vp)=v. U ®)
(2-3) ] F7 ( prti)
pn+1(k) . pn+1(lz—-1) + p' (6)
2-4) =9 73 ( P
Ute _ g 1.
T ==,V (M
(3) Volume Fraction®] A Ak
%g +v- ( Un+l/2(k) C)=0 8
q71A ne AT x= dE&g, kv ¥9HE 34 CONE Y H3, DIFE 48, SRCE £
23olt,

22 AgEoio Ao
A" &% J?ﬁ"—o—i AfFEHY] AFE AT volume fraction® mass

conservationd] & o2 FHFE £ Ao
-163—



—a—t+V'(UC)=0 ©
O Arsa Ge3t 2o

I =CpVi=f,_y ~fo1tf 1] (10)
2 2 2

iitd
fi_%.j—ffc _y, A (1)

o 7] C= Volume Fraction, VE A9 A3, Ax A ZAAWHY HA, & AZtolth
VOF #yolA =82 f= Doner-Acceptor a9 93 AXEHS FFAEH FAES
zgstod EFYE 3}]94 "'”&” ga AFEHANAY AFHA S HAEg

Doner-Acceptor ¥H-& vy AFEdHol £Hd kg BE ARAREC, AFEQR
o] FELIUF FAL B+ 3}172} o] YRVt o EY2AE U Zo] AYgdr
8(x) = arccos( m,) , n = vtc/IvhC|
f = f? ( downwind ) (- 6(x) < 6°) (12)
£ = Y ( upwind ) (¢ 8x) = 6

71N n= AAY normal REo)L, 6 1.0<6¢1.059 Z6]S AHEFTh
SRR WA BYAT dE %Y P& & ATAME AGRAe] ¥rie
Lafaurie [6]9) &3 s FAE S AH&stoh

71, = Pomaxl /. |Q,._%J.—(1—ci_%_£j> v,

,__

£ I] (13)
o 71 A ft._th‘ = min[ IQ

9 HoA B ARE HFAEA I3 F
Doner’} 74 Rfsta Qe FARL vmse 2YHoz 2APY 43¢ ALY

2.3 FCT (Flux Correct Transport)

Volume Fraction $A Ao} A< dhiFALLE H3) Murray [7]15°] FCT [4] %<&
AAANZAL. low-ordere] thFAAL W e 2AFEH FAE BEEA ¢EL F FALY
ZAARA L LAAIY high-order WY ASFoxE AiAHAANM  overshootH
undershoot7} A& 4 9tk FCT #WH & Zalesak'sol &3] 7iE =l e high-order W
U3} Jow-order WHH o E A e JIFAZ A s JFH X Fikg gdo}
FE AAarrgeltt. Volume Fractoind] FCT W& A £317] 8l low-order W& AF
AHE S A28 high-order ¥ & 2 (12)A4 A4te #3 3FAERES AHEsd
W fryy e foey o fly, e fLps AR

1.1*2 1—2 ¥

L — ; _ H — *
ft._%’l. = f(;__%_‘j = Q2 @L;Cz—%—pr fi—%,j f:’—%,; (14)
(2) low order scheme©ol] 2]3 4249 754l
Citd = ogt® (15)
(3) antidiffuse flux2l A9}
fe0 = g1 — (16)
=g i-gi i-g.
FUE = (1= gPy ) Y = (=Y £
H 9 1 9 H 2 1,7 2 3,7 2 1,7 2

~164 -



(4) antidiffuse flux9] FHAZ AL
ﬂkil)- = ﬂ(,i+l)- f.ad'(/H.-I) fic.(fil) = B(IH-I) fad'(k+l) amn

’ u— 11—2

(5) AR antidiffuse flux® FHAF9 AAk
i(/e+l) £ c(k+l) +r W0 _ g c,(:-f-l)
A LTy

Vi.i

C'}:;l(kﬂ) — C,-.uf(kﬂ) + (18)

24 3 =3 (surface tension)

T AP AAL CSF (continuum surface force) 2dE& ALE3IHTh o] WYL
Brackbill [8]e] #|otdt ¥y 0 2 Ripple T2 #[9]% Murray[7]9] 3] A3z HF5EH
AT AFEHO JXstes AL B FHo JFE won thgd Fo] Q.

F;; = LU;‘.;’ Xi; i, (19)
Pi;
714 o UE, ot EH AY, xE FE, nt AFIEUY £3 dEgolo.
x=—V-n
_ 1 [ n  dlml ny, , 3|nl anx on ] 20
lnl[lnl( baly 4 el + 52 (20)

AfEHE] =% WHE g3 Zo] B-Spline FHCZ Bt Aite ALUEE oA
g

n= (K *C, K, % C) 4 1)
4NN K, = 2K g, - Zhon
K& cubic B-splined] 93 smoothing kernelo] t}.
A6 65 i F <y
K(r.h) = LB a- 5 it £ <1 (22)
0 otherwise

ol 71X k¥ smoothing length, 73 cell centerolA interface7} A 2] Azg] o]t}
3. M2, £H2

AAE HAHAA AAEe] A0l AHIA ZL nonuniform FE AAE FAE F A
on E3 GUIY 9% 7] 2474 ZAxAd a3 E4XE 4dE8€ 5+ U FX9 #
AL Asd A5 2P L olfdtd JHASIAAFTE 7|FLE £xe HE £, 8
S &9, AFEHY AAM £¥9%5& ALdd 282 AFEE 52 HAFAY £
(unsteady problem) ©]Z2 A|Zt Z3je] w2 o WEHE FZY 4 9+ animation 7%
< A Yo

4. AL A3

Fig. 1& 7] 3Aste Addue delxl && 274 FAl9] AFL AAg Rl
AEE U3 FAEE AHEEIey AR AFE 52x102, F FA9 2Ew 7t 0.7465,
Au) 7} 01342 3ol th. Ekman numbers E=4,/p 2 ¥ =1.33x107% ot} A3 Z7}

- 165 -



T 0022 st9ed Fig 1& Azt 2, 6, 10, 14, 189 di#] AFelth 7129 A7 {5)[10]
o Husde i ARz & YA Y& ¢ F Uk

0-8 ] T l T I ¥ I T
06

2 1 ]
y/H Q1=2 1
6 L 6 ]
04} -
10 - 10 1
14, | 14 8 i

[ SO A T

0.
0.0 02 04 06 08 10

1R

(a) current study (b) reference

Figl. Result of spin—up

5. 28

T Eok #AolY dZo 2AF FTAsE, AFERC] EASE FEHS FAH Wy
o] Wl¢ B ¥ QAFdME AFEY 452 AMSE VOF $¥L FVM(finite
volume method) SN ZE=2 Jidstdch £ AFE 53 Med Z20dL siMgde 3
A A4 ZAzA R 271238 JYste AAY FEF VOF-FCT R od& &
FEY §5& #43= Solver 283 AXNZATAE 7tA st A A E2d v g
BN = e A4 i #4713z 429 sy 5YFHA T2 ool
A4 AT = GUI (graphic user interface)® A AT 2 A AL mesl HES
3o VOF-FCT Solver?l 7ZA$oles A9d FHAEF FCT wye dAZ Z3
Volume-Fraction A4t A T et TALAE 9 AFIEH Ad ALz =90

6. &1

2t

Ho

fal

1. Harlow, F.H. and Welch, J.E. "Numerical calculation of time dependent viscous
incompressible flow of fluid with free surface”, Phys. Fluids.,, Vol8, No.12, 1965,
pp.2182-2189

2. Nichols, B.D. and Hirt, CW., "VOF method for the dynamics of free boundaries”, ]J.

—166 —



of Computational Physics, Vol.39, 1981, pp.201-225

3. Wei Shyy, "Computational Fluid Dynamics with Moving Boundaries”, Taylor &
Francis, 1996, pp. 1-133

4, Zalesak,S.T."Fully Multi-Dimensional Flux-Corrected Transport Algorithms for
Fluids”, J.Comput.Phys., Vol.31, 1979, pp.335-362

5. Hosang K, and Kunio, K, "A VOF-FCT Method for Simulation Two-Phase Flows of
Immiscible Fluids”, The Institute of Space and Astronautical Science Report, No.662,
1996, pp.1-22

6. Lafaurie,B.,"Modeling Merging and Fragmentation in Multiphase Flows with Suffer”,
J.Comput.Phys., Vol.113, 1994, pp.134-147

7. Murray R, “Volume-Tracking Method for Interfacial Flow Calculations”, Int.J.for
numerical methods in fluids, Vol.24, 1997, pp.671-691

8. Brackbill, J.U.Kothe, "A Continuum method for Modelling Surface Tension”,
J.Comput.Phys., Vol.100, 1992, pp.335-354

9. Douglas B.Kothe, "RIPPLE:A Computer Program for Incompressible Flows with Free
Surfaces”,

Los Almos National Laboratory, 1991, pp.26-32
10. Abdullah, Z. and Sacudean, M., "Free surface flow during the filling of a cylinder”,
Int.J for numerical methods in fluids, Vol.11, 1990, pp.151-168

- 167 -



