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Prediction of maximum spreading diameters of impacting drops is crucial for

determining the quality and efficiency of many industrial applications using drop-on-demand or
spray technology. In order to construct an exact theoretical model for predicting the maximum
diameter, one needs to determine a time constant being required for the radial pressure gradient in
a spreading drop to be disappeared, which is difficult to derive theoretically. We experimentally
obtained the time constant by focusing on the energy budget during drop impact, especially on the
viscous dissipation. By considering the time delay, we developed a theoretical model for predicting
the maximum spreading diameters. The model shows good agreement with experimental results,
revealing the importance of the internal velocity field in a drop.
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Fig. 1 (i) Side-view image showing the spreading process of the impacted droplet to its maximum
spread. (ii) Change in energy budget with time using glycerin solution 70 mPas. The initial
kinetic energy is assumed to be 100%; (iii) Energy budget at maximum spreading for a wide
range of We and Re. (a) Glycerol 22 mPas; (b) Glycerol 42 mPas; (c) Glycerol 70 mPas; (d)

Glycerol 133 mPas; (e) Ethanol; (f) Water; (g) Silicone Oil.
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Fig. 2 Time variation of dynamic contact angle
for Glycerol droplet of We = 30.
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Fig. 3 Energy budget at maximum spreading for
varying contact angle. When the contact
angle is below 90°, E, shows a negative
value because the force acts in the direction
of spreading the droplet.
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panel. Both Dy (O) and Dgpreag (X)), defined in Fig. 1 (i), are shown for

experimental data except for case (iv).
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Nomenclature

v : droplet internal velocity field [m/s]
u : spatial time-averaged droplet internal
velocity field [m/s]
Uy : impact velocity [m/s]
D : droplet diameter [m]
E : energy [w]
04 : dynamic contact angle [-]
Vet : contact line velocity [m/s]
E : energy [W]
¢ : dissipation function [kg/m - s2]
dv,/0z :velocity gradient in the vertical direction
[1/s]
h : height [m]
G : coefficient representing the contribution of
velocity loss [-]
Re : Reynolds number [-]
We : Weber number [-]

Greek letters

u : viscosity [Pa-s]

p : density [kg/m3]

g : surface tension [N/m]

a : time integration of droplet radius [—]

I : spread diameter [—]

v : kinematic viscosity [m?/s]

Tp : impact pressure decay time [—]

Ty : viscous boundary layer development time

(-]

13 : ratio of droplet center height to viscous
boundary layer thickness [-]

Subscripts

* : dimensionless quantity

0 : initial value

r : radial component

z : vertical component

m : maximum value

wet . contact area

spread : droplet rim

k : kinetic

s : surface

1 : before impact

2 : during spreading

d : viscous dissipation

c : contact line
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