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The Peculiar Behavior and Erosion Characteristics of
Cavitation Jet and the Associated Cavitation Effects

Kazunori KOBAYASI

Abstract

The cavitation jet technique has progressively developed in several industrial fields, such
as material cuttings and peenings of special processing, bark-ups of structures, cleanings,
atomization of liquids and fuels. The performance accompanied with those applications will
be desired ; the erosion performance is the foundation for them. Therefore, it is important to
study how the structures of jet will work for the erosion performances. The use of effective
cavitations has been made of in the sterilizations, emulsification, and mixings or melting as well
as in various water jets such as cavitation water jets and air-coated water jets. And, so as to
clarify this kind of problem, it is needed to examine the unsteady behavior of cavity formed by
water jets. Specially, the clarification of the erosion performance bigger the cavitation
comparison with water jet in air has been driven to despair industrially. But, in water jet into
water, the air-coater jets are attracted attention, which can extend the effective range distance,
because in the water the impulsive force of water jets will become suddenly lower as the
standoff distance increases. On the other hand, it is necessary to define about the behavior of
jet as water jet in air impact into water or the erosion characteristic of the submerged objects
involves that. Furthermore, there are some attempts using the Snochemistory, which uses
cavitation, that is, the physical action with impact distraction of ultrasonic waves, and the
chemical and biological action that use partially high temperature or high pressure. However,
cavitation effects vary with cavitation, and so, the qualitative difference of cavitation bubbles
need to be considered sufficiently.

Therefore in this paper, the study was done with the high-speed image processing as the
method to clarify the cavitation jet directory connected to the performance of cavitation jet and
the unsteady behavior of cavity surface. Also, it was attempted to examine the relations
between the behavior of air-coated water jets formed as the water jet collide with submerged
specimens and the submerged specimens. Furthermore, it was attempted to examine the
sterilization effects accompanied with the occurrence of two different kinds of cavitation,
regarded as not the obstacles like deterioration of performance and oscillation but as the
effects of cavitation with the occurrence of partially large impact pulses.

That is, this paper consists of each fallowing chapters including the introduction in chapter

First of all in chapter 2, the use of the high-speed image processing methods enables to
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confirm fully detailed and quantitatively that the discharge of cavity does not completely
synchronized with the occurrence of the vortex ring cavitation, aiming at the discharge if cavity
jets connected directory to its performance and the behavior of bubble clouds. As a result, the
occurrence frequency of “bump” in the first half part is found to be about 1 kHz, which differs
from 670Hz of the cavity discharges of eh rupture discharge of bubble clouds.

Next, in chapter 3, with the aim of utility expansion of water jets in the industrial fields,
examining the behavior and the erosion characteristics of a jet when a submerged objects and
an air-coated jet have a collision confirms the formation of air-coated cavitation by the
behavior of jets and the occurrence of air-coated water jets accompanied wit it. Also, the
existence of the erosion characteristics against submerged objects caused by air-coated water
jets is indicated.

And, in chapter 4, it aimed at the cavitation is not the obstacles but cavitation effects, the
sterilization in the two different cavitations through the nozzle, the flow cavitation and the
oscillation cavitation is examined by using colon bacillus in the physiology alt solution. The
result shows that the effects differ largely with the type of cavitation, whether vapor nature of
gas nature, which indicates the sterilization effect is remarkable with vapor nature cavitation.
Through SEM observation, it is indicated that the extinction of colon bacillus could be a cause
of the destruction of cell membranes by cavitation impact pluses.

Finally, chapter 5 is a conclusion.

As mentioned above, by using the methods of the high-speed video image processing, the
cavitation jet associated directory with the performance of cavitation jet or the unsteady
behavior of cavity surface and the erosion characteristics accompanied by it are examined in
detailed. The relations between the depth of the water and the behavior of air-coated water
jet formed as a water jet collide with submerged specimens and it s erosion characteristics are
specified. Furthermore, it regarded the occurrence of cavitation as the cavitation effect ; the
relations between the cavitation types and the sterilization effect with two different kinds of
cavitations are specified. In short, this study clarifies the unsteady behavior and erosion
characteristics of cavitation jets associated directory with the cavitation jets to be improved,
which may enable the unsteady nature of cavitation to be controlled. Besides, it is shown tat
the cavitation effects for sterilization differ largely with the types of cavitation. And, the use
of large shock pluses is indicated to contribute to the cavitation effects.

Professor (Chairperson) Yukio ITO
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