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NUMERICAL STUDY ON DROPLET SPREAD MOTION
AFTER IMPINGEMENT ON THE WALL USING IMPROVED CIP METHOD

SY. Son,1 G.H. Ko,2 SH. Lee’ and H.S. Ryou*3

Interface tracking of two phase is significant to analyze multi-phase phenomena. The VOF(Volume of Fluid)
and level set are well known interface tracking method. However, they have limitations to solve compressible flow
and incompressible flow at the same time. CIP(Cubic Interpolate Propagation) method is appropriate for considering
compressible and incompressible flow at once by solving the governing equation which is divided up into advection
and non-advection term. In this article, we analyze the droplet impingement according to various We number using
improved CIP method which treats nonlinear term once more comparison with original CIP method.  Furthermore,
we compare spread radius after droplet impingement on the wall with the experimental data and original CIP
method. The result using improved CIP method shows the better result of the experiments, comparison with result of
original CIP method, and it reduces the mass conservation ervor which is generated in the numerical analysis

comparison with original CIP method.
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Fig. 2 schematic of the experimental set up
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Table 1 Fluid properties

water air
viscosity . [V » s/m”] 0.899 <1073 | 1.8x107°
surface tension, o [V/m] 721073 721073
density p [Kg/m”] 997 1.25
speed velocity C, [m/s] 1481 343.3
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Table 2 Height and impact velocity at We=1 and 3

We=1 We=3
Heighth [m ] 1.84x107% | 552x107°
Impact velocity v [m/s] 0.19 0.329
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Fig. 4 Comparison of deformation velocity(x-dir) after droplet
impingement for We=1 for 10 ms
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Fig. 5 Comparison of deformation velocity(y-dir) after droplet
impingement for We=1 for 10 ms
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Table 4 Impact velocity for We=1

Exp Basic CIP Modified CIP

Impact

velocity [ /s] 0.19 0.094 0.11




T3E CIPEES o] 83 9 S5 F 439 33 Y did X34 A+ AL53, A43, 2010. 12 / 31

5 &

M

w AlAE 71 CPyel 2ARY A BE
A5 WS st wA AR Al Al gAY g
FEvs o o] ARlele AR CIPHES Ataith ol
S8 71 CIPel Hl8l 186 %2 S Al7to] ¢
k32 %o AR HE 0AE Y o+ Uk

A4 WY SE5 A 7€ apy R

= =

[

E
ko
1,
ol (B i 2 X2 it o fo

t
ro

[11 1981, Hirt, C.W. and Nichols, B.D., "Volume of fluid
(VOF) method for the dynamics of free boundaries," J.
Comp. Phys., Vol.39, pp.201-225.

[2] 1994, Sussman, M., Smereka, P. and Osher, S., "A Level
Set Approch for Computing Solution to Incompressible
Two-Phase Flow," J. Comput. Phys., Vol.114, pp.146-159.

(3]

1985, Takewaki, H., Nishiguchi, A. and Yabe, T., "Cubic

Interpolated  Pseudo-particle Method (CIP), for Solving
Hyperbolic-type  Equations," J.  Comp. Phys., Vol.6l,
pp-261-268.

1991, Yabe, T., "A universal solver for hyperbolic equations
by cubic-polynomial interpolation I. One-dimensional solver,"
Comput. Phys. Communications, Vol.66, pp.219-232.

1995, Yabe, T. and Xiao, F., "Description of complex and
sharp interface with fixed grids in incompressible and
compressible  fluid," Math.  Applic,  Vol.29,
pp.15-25.

2003, Lee, J.H., Kang, J., Im, D. and Kim, C.J., "Analysis
of the Flow in Square Cavity Using CIP method in
Non-staggered ~ Grid KSME(B)  spring
conference, pp.1821-1826.

2009, ©]A3], Pz, “CIP WS AR AW o
FRE 577 37818] 2009 HE AL F=EE, pp.211-217.
1992, Brackbill, J.U.,, Kothe, DB. and Zemach, C, "A
Continuum Method for Modeling Surface Tension," J. Comp.
Phys., Vol.100, pp.335-354.

Computers

Arrangement,”





