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Step-Wise Decrease in Contact Line Velocity of Drops Impacting a Flat Smooth Surface
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Abstract  Predicting the dynamics of impacting drops is crucial in various industrial applications

such as spray and inkjet technologies. Especially in painting technology, the entrapment of air
bubbles greatly reduces the product quality. The formation of a thin air film in front of the moving
contact line causes the entrapment of air bubbles in the spreading phase. To clarify the main forces
acting at the gas-liquid interface that induce air bubbles entrapment, we investigate the contact line
velocity of impacting drops by taking bottom view images using the total internal reflection (TIR)
method. We used droplets of glycerol or glycerol-ethanol solutions and solid surfaces covered with
either glycerol or silicone oil. Our results show the contact line velocity decreased rapidly at T,
when a thin air film was formed and settled down at a constant value V,,s after the formation of
the air film. Furthermore, we revealed that drop viscosity affects T, and Vg, Moreover, we
found that after T, the lubrication pressure of the air had the same order of magnitude as the viscous
shear stress of the drop, which implied the importance of the air lubrication pressure.

Keywords: Drop impact, Contact line, Air film layer, Total internal reflection
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Fig.1 Bottom images of a drop impacting on
(a)solid surface (b)liquid film.
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Fig.2 Schematic of experimental setup.

Table 1 Fluid properties.
0 Oh
symbol DD (pig) Nyl [hg/m] -]
® <O GWS0 6 0.070 1128 0.017
®0O  Gweo 10 0.070 1140 0.027
GW77 40 0.066 1185 0.111
GW85  73~100  0.064 1212 0.303~0.277
* %  GW90 163 0.064 1235 0.448
vv GE60 22 0.026 1028 0.104
[ Xe] GE70 64 50 1082 0.209

Solid : Liquid Filmis Glycerol
Hollow: Liquid Film is Silicone Oil

—EEORELEH T LY XA EOHR ok
SN BT STz, T FIEICIXIRED
HBpp 7 Ve — kK (GW: 7Y Er—/L
BRI 50~90 wt%) £/ 7 ) r—Lx i ) —)L
R (GE: 277V &\ —/ LB 60,70 wt%) %04
AL, ERERIIZAT A RAT A7) &R
—/b (g, =943 mPas) £/ U a—rF AL
(u =970 mPa-s) Z&ATLIcbD AT LT,
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ZRAWTER L TR Y | RER CIREI VTR
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TENFHATHRETRINTWD [2], KRR IT
1.4~1.7 mm, fEZEHEEV,IE1.1~2.0 m/s DOHFET
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Fig.3 An impacting drop observed from (upper) the side and (lower) the bottom with TIR imaging. The dash-
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dotted lines (green online) and the dashed lines (orange online) represent the positions where the air

film thicknesses are about 10 um and 1 pm, and the radii from the center of the wetting region to the

positions are termed Rpicro and Rpane, respectively. The solid lines (blue online) represent the

position of the contact line, whose radius is termed Ry (see Fig. 4). Drop liquid was GW85 (u;, =

100 mPa - s) and film liquid was silicone oil. V, = 1.7 m/s, Ry = 1.67 mm.
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Fig.4 (a) A typical geometry of nano-air thin
film after T, obtained with TIR method.
(b) Schematic diagram of the interface
geometry near the contact line (left)
before T, and (right) after T, . Lines
correspond to those in Fig. 3.
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Fig.7 Effects of (a) surface tension oy, or (b)
viscosity ratio n = ug/p;, on wetting
failure time T; =T, -V,/R, based on

physical properties shown on Table 1.
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Fig.8 Dimensionless contact line velocity after
the step-wise decrease Vignst = Veonst/
Vo with the ratio of gas to liquid
viscosities 11 = pg/uy, based on physical
properties shown on Table 1.
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Nomenclature

H : thickness of air film [m]
L : length of air film [m]
Pg : gas lubrication pressure [Pa]
B, : viscous shear stress of liquid [Pa]
R : radius [m]
Te : transition time [s]

|4 : velocity [m/s]
Greek letters
) : thickness of viscous boundary layer [m]
u : viscosity [Pa - s]
p : density [kg/m3]
o : surface tension [N/m]
Subscripts
cl : contact line
const : after rapid decrease of contact-line velocity
G : gas phase
L : liquid phase
micro : position where gas film thickness is about
10 pm
nano : position where gas film thickness is about
1 pum
0 : immediately before touch down
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Fig. 10 Effects of Re on wetting failure time TS =
T.-Vo/Ry . See Table 1 for physical

properties of the liquids used.
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