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FINITE ELEMENT ANALYSIS OF LEVEL SET FORMULATION

H.G. Choi"

In the present study, a least square weighted residual method and Taylor-Galerkin method were formulated and

tested for the discretization of the two hyperbolic type

equations of level set method; advection and reinitialization

equations. The two approaches were compared by solving a time reversed vortex flow and three-dimensional broken

dam flow by employing a four-step splitting finite

element method for the solution of the incompressible

Navier-Stokes equations. From the numerical experiments, it was shown that the least square method is more
accurate and conservative than Taylor-Galerkin method and both methods are approximately first order accurate
when both advection and reintialization phase are involved in the evolution of free surface.
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Fig. 2 Schematic for a three-dimensional broken dam problem
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Fig. 1 Errors of level set function after one period for various
grid resolutions
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Table 1 Errors for the solution to the time-reversed
single-vortex flow problem considering both
dissipation and phase errors (Eqn. 11) after one
period for various grid resolutions(CFL=0.5).

Grid Least-square Taylor-Galerkin
64 X 64 3.17E-2 9.89E-2
128 X 128 2.09E-2 6.25E-2
256 X 256 1.11E-2 3.22E-2
512 X 512 5.55E-3 1.36E-2
1028 X 1028 2.75E-3 6.66E-3
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Fig. 3 Evolution of free surface of 3-D broken dam : (a) t=2.2 s ; (b)
t=42s;(c)t=6.0s;(d)t=6.6s;(e)t=72s;(f)t=8.0s
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Fig. 4 Surge front position versus non-dimensional time
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Fig. 5 Percentage mass error with non-dimensional time for the
two finite element methods and grid resolutions

se 52 s W 0 A4

Aol me A 3

HolAlel Ay QRS eI ARt AdeA Fod
Aol A2ASNFATRE o188 FANN Aok A
24 nEIYe ¢ 5 Uk

+2 =2

H =ROAE level set TAStA FoARE F A B
3

A é 0]55— HWJ&]J} reinitialization Hc} Xé’\] o #&

o = 20009% ARG |EMe] APow It
AT AT A LS ol =3YE A5 (No. 2009-0079936).

(1]

(7]

1994, Sussman, M., Smereka, P. and Osher, S., "A Level
Set Approach for Computing Solutions to Incompressible
Two-Phase Flow," J. Comput. Phys., Vol.114, pp.146-159.
2003, Son, G,
Level-Set and  Volume-of-Fluid ~ Method  for
Dimensional Incompressible Two-Phase
Heat. Transfer, Part B., Vol.43, pp.549-565.
2000, Sussman, M. and Puckett, E.G., "A Coupled Level
Set and Volume-of-Fluid Method for Computing 3D and
Axisymmetric Incompressible Two-Phase Flows,"
Phys., Vol.162, pp.301-337.

2001, Pillapakkam, S.B. and Singh, P., "A Level-Set Method
for Computing Solutions to Viscoelastic Two-Phase Flow,"
J. Comput. Phys., Vol.174, pp.552-578.

2005, Lin, C.-L., Lee, H., Lee, T. and Weber, LJ., "A
Level-Set Characteristic Galerkin Finite Element Method for
Free Surface Flows," Int. J. Numer. Meth. Fluids, Vol.49,
pp.521-547.

2009, Choi, H.G., "A Least Square Weighted Residual
Method of Level-Set Formulation," in preparation.

1997, Choi, H.G., Choi, H. and Yoo, Y.,
Four-Step Finite Element Formulation of the Uunsteady

"Efficient Implementation of a Coupled
Three

Flows," Numer.

J. Comput.

"A Fractional

Incompressible Navier-Stokes Equations Using SUPG and
Linear Equal-Order Element Methods," Comput. Methods
Appl. Mech. Engrg., Vol.117, pp.391-410.

1952, Martin, J.C. and Moyce W.J., "An Experimental Study
of the Collapse of Liquid Columns on a Rigid Horizontal
Plane," Philos. Trans. Roy. Soc. London Ser. A, Math. Phys.

Sci., Vol.244, pp.312-324.





