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A method for incompressible free surface flow including surface tension using
CSF model

1. C. Hong and ]J. H. Baek

A numerical method for simulating two-phase flows including surface force is presented. The method
is based on fractional step method of finite volume formulation and the interface is tracked with PLIC
VOF method. '

In the CSF model, as color function, f, representing the location of interface varies steeply in the

interface region, we need to use smoothed function f to get accurate unit normal and the curvature. Peskin

kernel is used to get smoothed function f.A spherical drop in static équilibrium and three-dimensional
merging of gas bubble are tested, resulting in the validation of this method.
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Continuum surface force (CSF) 2 d[1]& Awd & F387] A BEA A &(smoothed volume
A4sts gUAYS mud #e HAPos ¥H  fraction) f& olgsiobdth FEAHH L T

sted F Ao LEUAAY A (source term)ol 93lx = Gaussian kernel, cubic  B-spline,
XEteg AWM wWxe AAZAL 8= I Nordmark kernel, Peskin kernel® #& t}3
=] Gerh. =3 merging™ breakup I L AW kernelEe] o5 1 Yrt.[2]
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g AH¢53 vk CSF 298 o] g3t A3 ® B8 CSF R¥g 739 gdge] g3 &
AL Ay YA AEe FE3d FEK)HY L A4 F e sdz=y AERs Byoe=
HAWE(n)& Folobdrt, 28y} A HH] & (volume stden A FEYAG LA spurious
fraction) f& °|83t4 A(phase)E FE3HE VOF current(A B M ERAHI} FATHIL dX 3o
(Volume of fluid) W8 ABOSf<DAM Azy A=A 871 Wol A2 £528 L= parasite
2o FA Wy e AN Fge g CuTentHnE Vo gaRs A% gD, A
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Ho| FA o7 2ZA43= F(capillary force)olL F
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(Marangoni force)o]t}.
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3.1 A spherical drop in static equilibrium
CSF 29 Hrtstr] faA BAGe A +3¢]
A &S ArSA ARG AW L=
EUEe BF dAe FAS Fatr] e g
Hu $#H& Zgsx gooz AL #4d)
98 gt gy ARG gAY 2+ Qlof
oF 3tAluk CSF Rdox Tl RHHF A A
T3 dFHruist A3 gEo] YlolAA &7l o
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A @AstE 9 F(numerical error)ejt}.
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Fig.l The velocity plot across centerline of drop
in the x-y-plane at 200th time step. The
contour level is 0.5
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oJt}. Spurious current®d A7|E FAY & Ohs
o] g3t} o FE 4 ] W ol Aitel A&
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olt}. Spurious current®] HWEE (Ung ) [7]61A4
0.0lo/p, T3 0.01/0K orderd 27|18 ztet}. o
W Oh=(y"/ooa)”?& B4 % Ohnesorge
numbere|t}. Spurious currentd HWAIE O
000178 E¥X 0003752 =€tk (8] 96’749 2
Aol [219) K; kerneld AHE31HE W SE9E
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Fig.2 Each of (A) and (B) is the contours of
volume fraction f and smoothed volume

fraction f in the cross section of the drop
center.
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Fig.3 Merging of two viscous gas bubbles.
(A) t=1.2, (B) t=2.0, (C) t=2.7, (D) t=2.9 (sec)

3.2 Merging of two bubbles of equal size
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