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Level Contour Reconstruction
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NUMERICAL SIMULATION OF MULTIPHASE FLOW
USING LEVEL CONTOUR RECONSTRUCTION METHOD

Seungwon Shin™'

Recently, there have been efforts to construct hybrids among the existing methodologies for multiphase flow

such as VOF, Level Set,

and Front Tracking with the intention of facilitating simulations of general

three-dimensional problems. As one of the hybrid method, we have developed the Level Contour Reconstruction
Method (LCRM) for general three-dimensional multiphase flows including phase change. The main idea was focused
on simplicity and a robust algorithm especially for the three-dimensional case. It combines characteristics of both
Front Tracking and Level Set methods. While retaining an explicitly tracked interface using interfacial elements, the
calculation of a vector distance function plays a crucial role in the periodic reconstruction of the interface elements
in the LCRM method to maintain excellent mass conservation and interface fidelity. In addition, compact curvature
formulation is incorporated for the calculation of the surface tension force thereby reducing parasitic currents to a

negligible level.
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Fig. 1 Front Tracking Method (Lagrangian elements)
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Fig. 2 Reconstruction process (a) regular LCRM (b) Tetra-marching

procedure
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Fig. 3 Computing distance function from the existing 1D linear interface elements for 2D simulation: (a) the minimum distance point is
located to inside the line segment. (b) the minimum distance point is located at the edge of the element
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Fig. 4 Calculation of indicator function directly from given surface
elements (a) initial interface distribution (b) computed
distance function near the interface (c) final indicator
function field

B Ao AbgE AupdA Al Aabel tigk Huh A4
3 8-S [8-10]9 7]%EolglTk

2 3 E9f

?)

LCRM®] A& iy
benchmarking 2 ES A8 94 5 =
F-E] 483 Indicator functiono] AXEJEAE Q1] ¢
SIA Fig. 4(a)¢ 2 WRGe mHoRRE Faxe Az

glstr] Sds) #o7pA A

2
)
)
P
i)
N
B

l Mg SEYN

z=cos(#)+0.4sin(6)cos(6)
y=sin(6)+0.4sin(#)sin ()

(14)

714 0% 094 2u7kAe] ZHS 7HA™, 4x4 A7)9] A
AFE bl A 50x509] AA7TE 7R I ALEESITE Fig
4byell AAT=Zoll A AAE A gHEe] JERIT o]
Fs A (1) AHEEt] FH7A FA17 F Fig. 4(c)9k 7
< Indicator function X5 A& 4= Stk fo AHE wvid
o= Fojzl Bxel 4 mHoRRY 2 (5E EA ¥ F
Aoz g ARTFE 7 5 ks Ao] IetHIA
t.

Tetra-marching & &3l 7AW 3239 AGHE ofsr]

[

A 167] shr=ol 2jaiA

Y

A0S FHsIATHIL. ol HHe| FAde] i AsA ¥
FEE A2 1 G o] =7 ofyfrial A 3l
ok g W Zol7} 191 AAAE F3tellA FAlol (05 0.5)
o X WA F 0.159] o] thy Ao AojH &Ko wh
o} Ay A Ak

()= { —sin[47(x +0.5)]sin[47(y +0.5)] } 1s)

—cos[4z(x+0.5)]cos[4z(y +0.5)]
o] &£E FolW F7t ool 16719 9= (vorticity)S XA

) o7 £Xo) cos(m/T)E wate] T F71, T
7h Al HE o] 27|80 R HEOLeA A
23 7] =228 AAsY L 2 Z3E Fig 5o B3

function (38 7A2)7E A AEA 9] whsole)
LCRMS| 74 AAZAR7} ol



N 4 EHY

(NS EEENMI l

0.9 08

0.7 07

(a) °¢ 06
05 05

0.4 04

03 03

02 02

01 o1

098 09
08 08
0.7 07
06 06
(‘b) 05 05
0.4 04
03 03
02 02

01 o1

098 09
08 08

0.8 08|
05 05
©) o4 04

0.3 03
02 02

01 01

t=TR t=T
Fig. 5 Interface convolution test (a) 256x256 (b) 128x128 (c)
64x64 grid resolution
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Fig. 7 Bubble rising experiment (a) rising velocity (b) mass
conservation
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Fig. 8 Interface shape, velocity, and pressure distribution of
bubble rising experiment
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