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Abstract

In the present work, surface wetting effect on spread-splash regime and transition criterion of the water and ethanol drop-
lets impacting an unheated dry wall has been experimentally investigated. The droplet was directed on a polished STS plate
and a glass slide, and the impinging behavior was visualized and recorded using a CCD camera. Droplet diameter and veloc-
ity approaching the wall were measured as well. The critical Sommerfeld number representing the spread-splash boundary
for the ethanol droplet impinging on the substrates turned out to be smaller compared to that for the water droplet impinging
on the substrates with the surface roughness condition remained unchanged. The shift of the transition boundary is considered
to be due to the effect of the surface wettability represented by static contact angle and surface tension of droplet.
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d diameter of droplet [m] o surface tension [N/m]
K  Sommerfeld number -1 0 static contact angle [degree]
(= We %Re 0%) A surface roughness [m]
K modified Sommerfeld number [~ u  liquid density [Pa - 5]
(= We ®®Re %% p liquid viscosity [kg/m?]
La Laplace number (=,010'd/u?) [-]
Re drop Reynolds number based on normal velocity Superscripts
(=0 Von d/ih) -]
V  droplet velocity [m/s] ~ average
We drop Weber number based on normal velocity
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b  before
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Table 1. Spread-splash transition criteria for unheated dry

wall
Reference Non-dimensional Spregd—Splash
Numbers Criterion
We, La
’ — A .T4018
(La=pad/i2) We.=A-La
Bai and  [Surface roughness
Gosman® | (average height) | 0.05 | 0.84 | 122
A (um)
A 5264 | 2634 | 2634
Mundo et al.?¥ K K =577
Cosalli et al.¥ K (=K' K' = 649+3.76 4,4

Experimental Data -
STS-Water(Stow and Hadfield, 1981)

Aluminium-Water(Stow and Hadfield, 1981)

Mild steel-Water(Stow and Hadfield, 1981}
STS-Water,Ethanol, Sucrose(Mundo et al., 1995)
STS, Glass- Ethanol (Present data)

STS, Glass- Water (Present data)
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Fig. 2 Variation of spread-splash transition criterion (Kc)
for a dry wall with the normalized surface roughness
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Fig. 4 Three different drop images at same delay time.
(Delay time: 18.5 ms)
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Table 2 Static contact angle and surface roughness of the

substrates
STS (A= 0.02 um) | Glass (A= 0.02 pm)
Water *P(85.6°) **+H (23.3°)
Ethanol *+H (17.8°) #+H (10.2°)

*L.: Poorly wettable (€ > 80°)
**H: Highly wettable (€ < 25°)
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Fig. 5 Impact of an ethanol droplet on glass slide
(a) Spread: d =2.9 mm, V = 2.1 m/s (We=450)
(b) Splash: d =2.9 mm, V = 3.7 m/s (We=1430)
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Fig. 6 Transition criterion between the spread and splash
regimes (A= 0.02 mm, A= 6.9 X 107)
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surface tension (Levin and Hobbs!)
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