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Abstract— Low-pressure impaction of fine ice particles has been experimentally investigated. First, aerosols consisting of
fine water droplets were prepared by two-fluid and ultrasonic nebulizations, and water-vapor condensation. The average size
and total number concentration of the droplets were controlled in wide range by the preparation methods and the process
variables set for each preparation. The aerosols were next cooled by heat transfer in liquid nitrogen bath and the droplets
were solidified. Finally, high-velocity jet of the ice particles was produced by expansion through a nozzle into low-pressure
chamber where a substrate is impacted by them. The strength of impaction on the substrate varies with the chamber pressure,
impaction angle, and nozzle-to-substrate distance as well as the size and number concentration of the ice particles.
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Fig. 1. Two-fluid spray nozzle.
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Fig. 2. Ultrasonic nebulizer.
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Fig. 3. Chamber for ice particle formation and cleaning.
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Fig. 4. Apparatus for droplet formation by evaporation-condensa-
tion and droplet-phase impaction.
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6. Cock valve 18. Impaction chamber

7. Recycle reservoir 19. Vacuum pump

8. Thermocouple 20. Pressure indicator

9. Temperature controller ~ 21. Sampling probe
10. Evaporator 22. Aerosol particle size analyzer
11. Air distributor 23. Controlier for analyzer
12. Condenser
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rate at evaporator temperature of 100°C and carrier gas
flow rate of 20 //min. Dilution effect is also shown.
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Fig. 12. Total number concentration of particles vs. evaporator tem-
perature as parameter of carrier gas flow rate(V,). Sheath
gas flow rate=15 //min.
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Fig. 13. Carrier gas flow rate vs. chamber pressure.
Above : with liquid nitrogen bath, Below:
ature.
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Fig. 14. Removal of lime particles deposited on slide glass.
Above : air only, Mid:air+water droplets, Below :air+ice par-
ticles.
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Fig. 15. Micrograph of aluminum foil surface impacted with ice par-
ticles.

Fig. 16. SEM photograph of aluminum foil surface impacted with
ice particles.

© (d)

Fig. 17. SEM image and line scanning on the aluminum-foil surface.
Impaction time : (a) O min, (b) 5 min, (c) 10 min, (d) 15 min. P=
30 mmHg, nozzle-substrate distance=12.5 mm, carrier gas flow
rate 2500 ml/min.
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Fig. 18. Time evolution of thickness profiles of the lacquer film.
(a) 15 sec, (b) 30sec, (c) 1 min.
P=30 mmHg, impaction angle=90°, unimpacted thickness=6 um.
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Fig. 19. Time evolution of thickness profiles of the lacquer film.

(a) 15 sec, (b) 30sec, (c) 1 min.
P=30 mmHg, impaction angle=45

°, unimpacted thickness=6 um.
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Fig. 20. The effect of chamber pressure on film-thickness distribu-

tion.
(a) 330 mmHg, (b) 230 mmHg, (c) 130 mmHg, (d) 30 mmHg.
impaction time=15 sec, unimpacted film

Impaction angle=90°,
thickness=6 pm.
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Fig. 21. The effect of chamber pressure on film-thickness distribu-
tion.
(a) 330 mmHg, (b) 230 mmHg, (c} 130 mmHg, (d) 30 mmHg.
Impaction angle=45°, impaction time=15 sec, unimpacted film
thickness=6 pm.
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Fig. 22. The effect of water volume in the nebulizer(number con-
centration of droplets) on film-thickness distribution.
(a) 92ml, (b) 77 ml, (c) 62 ml, (d) 46 ml.
Impaction angle=90°, impaction time=15 sec, unimpacted film
thickness=6 um.
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Fig. 23. The effect of water volume in the nebulizer(number con-

centration of droplets) on film-thickness distribution.

(a) 92 ml, (b) 77 ml, (c) 62 mi, (d) 46 ml.

Impaction angle=45°, impaction time=15 sec, unimpacted film
thickness:=6 um.
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Fig. 24. The effect of nozzle-substrate distance on film-thickness dis-
tribution.

(@) 6.3 mm, (b) 12.5 mm, (c) 24.9 mm, (d) 33.1 mm.
Impaction angle=90°, impaction time=15 sec, unimpacted film
thickness=6 ym.
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