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DEVELOPMENT OF A NUMERICAL TECHNIQUE FOR CAPILLARY SPREADING
OF A DROPLET CONTAINING PARTICLES ON THE SOLID SUBSTRATE

Wook Ryol Hwang,' Hyun Jun Jeong,2 See Jo Kim’ and Chongyoup Kim*

We present a direct numerical simulation technique and some preliminary results of the capillary spreading of
a droplet containing particles on the solid substrate. We used the level-set method with the continuous surface stress
for description of droplet spreading with interfacial tension and employed the discontinuous Galerkin method for the
stabilization of the interface advection equation. The distributed Lagrangion-multipliers method has been combined
for the implicit treatment of rigid particles. We investigated the droplet spreading by the capillary force and
discussed effects of the presence of particles on the spreading behavior. It has been observed that a particulate
drop spreads less than the pure liquid drop. The amount of spread of a particulate drop has been found smaller
than that of the liquid with effectively the same viscosity as the particulate drop.

Key Words : Level-set method (LSM), Continuous surface stress (CSS) model, Discontinuous Galerkin method (DG), Distributed
Lagrangian Multiplier method (DLM), Capillary spreading of droplet
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Fig. 1 A schematic representation of the droplet spreading with
particles (R, :the radius of droplet, 7,:the viscosity of drop,
n,: the v15c0s1ty of surrounding medium, 6,: the initial
contact angle, 6, :the equilibrium contact angle).
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Fig. 2 The normal and tangential vectors at the contact point.

52 &2 xe|H
49 PPl wARRe] W2 As e
Belle{ 137} 28 71¥S olgaisleh Fig 2= WRPEL
AN FAMEE Hojal glef. ARz} nAR e 42
Holx CsSRalol] ARslE TRSEUA 7= 4 (163 2
o] FAYEE RS FRME 2 dAh

7,=Fn_n,)5P),

eq "eq
Mg =cosf,,n,+sind, o

eq'‘w

—_
—
(=)

~—

Fig. 29} A (1691 n,= AW FAHEo]
AR A HE ok 01%?741 deld xi¢
A2o] BPHFHES © 7
AAET13).

® &
E@h

to rr ¢

5.3 o|it=tet I\
X3P otz Al £% uE ?ﬂ%xﬂ,‘ﬂ 24} E{‘(Qz)—‘l

T 2F EI&H 27<} LR HQQ )—i 77 ®aksan, A
ARGEL 1Y FAA ALY 8A4E AEs. 34 4
B89 AAAY AIZHE RS 9aiA TVD-RK3(total variation
diminishing/3rd-order Runge-Kutta)HS A8-5153c)k A48 A)
2 ¥PE& Kim>} Hwang[8]%} Hwang S{9]& #xugich

6. 4

ARFARAES SN Q4T T w4 959
A e Aretdth At digt zA0r AE
2, ARzsoE ZZ 13 052 AHa AR
100X 50 0.2 & 5000709 942 4wk dxe z/|=z
AL FA4Ao] (0.5, 0.19)0]1 wko] 027 AR A
= e elasich el 98 gxzke 60° oln oy
3 F A Amrn,/n)E 1000 A 07
(6=0)9} 507H(¢=0.245)0]m], YAPIAL 0.0140]r}. 2]

¥
]_

(@l

(OX

(© L

@

)

Fig. 3 The velocity distribution of a droplet spreading without
particles (the equilibrium angle 60°, viscous ratio
n,/n, = 100): (a) Os(initial); (b) 3s; (c) 6s; (d) 12s; (e) 36s.
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Fig. 4 Comparison of drop spreading for a pure fluid and a
particle suspension (¢ =0.245): (a) 0.3s; (b) 3s; (c) 6s;
(d) 12s; (e) 18s; (f) 36s.
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Fig. 5 Comparison of drop shape at t=36s for a particle
suspension(¢ = 0.245) and a fluid drop with effective
bulk viscosity of ¢ = 0.245.
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