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Abstract. Cavitation cluster dynamics and cavitation thresholds under plane short shock waves reflected 
from the free surface of various liquids is investigated experimentally By means of capacity and light 
absorption methods it is shown that the free-surface velocity is directly connected to the volume 
concentration of cavitation bubbles in the cavitating area and an expression for it was found. An effect of the 
time of contact of water and atmosphere on the dynamics of cavitation development is revealed. It was 
found that one hour is enough to change the free-surface velocity dynamics from monotonous to oscillating, 
which is characteristic for spalling damage of metals. High-speed filming showed that in the first case, the 
bubble distribution over the volume is uniform, while in the second case a dense layer of bubbles is formed 
under the free surface and partly reflects the rarefaction wave which continues moving freely in the formed 
liquid layer. This effect is probably associated with the changes in the structure of a near-surface layer due 
to air saturation. It is shown experimentally that for transformer oil, the previous loading history and the 
time interval between the experiments are essential considerations and the intensity of cavitation is increased 
under multiple sequential loading. 

By means of the capacitance method, which determines the cavitation thresholds and intensity of 
cavitation processes with high accuracy, the dependence of the intensity of cavitation processes on water 
temperature was investigated experimentally. It is shown that the intensity of cavitation processes is extreme 
and increases with temperature from 18,5 °c to 42°C, dropping to an initial value at 52 °c and again 
increasing abruptly from 66°C. A mechanism which accounts for this phenomenon is proposed. 

1. Introduction 

Numerous investigations of the cavitation strength of water under the action of 
negative pressures and reasons for its reduction in comparison with expected one 
began in the 1950's [1,2,3] and continue to the present day [4,5,6]. The latter studies 
confirm the complexity and many-faceted aspects of this problem. It is necessary to 
emphasize two particular aspects that make this problem complicated: 
1. The complex initial liquid state that is determined by the physical nature, size 

distribution and concentration of cavitation nuclei on which actually cavitation 
development in real liquids begins. This state determines the initial dynamics of 
cavitation processes there. 

255 

A.R. Imre et al. (eds.), Liquids Under Negative Pressure, 255-270. 
© 2002 Kluwer Academic Publishers. 



256 

2. The complex non-linear dynamics of both bubbles developing from cavitation 
nuclei and cavity clusters formed therefrom. The behavior of such systems has 
nothing in common with that of separate bubbles. They can easily transmit shock 
waves of large intensity and at the same time they can immediately extinguish or 
unrecognizably distort negative pressure pulses. Here, the dynamics of such 
formation greatly depend on the pressure decay speed in a rarefaction wave that 
results in a wide scatter of cavitation threshold magnitudes as measured 
experimentally using different methods. 

2. Initial state. 

The investigation of a liquid's initial state is a complex matter requiring detailed 
investigation in each particular case. Due to the presence of various admixtures, 
samples of water from various water-supply systems and natural sources are 
essentially different [4]. A similar problem results from water purification as a 
consequence of multiple distillation, filtration and deionization stages. It is almost 
impossible for different investigators to provide the same degree of purification of 
samples for investigation. Consequently, as a conventional standard which may be 
easily obtained in laboratory conditions, it is suggested that water resulting from a 
single distillation be used without any additional or special purification. Such water 
contains about 105_106 cm-3 of microheterogeneities of submicron size and about 103_ 

104 cm-3 of microbubbles with radius ;::: 1.5 Ill11 in different combinations with 
microparticles [5]. These are just microbubbles that determine cavity strength and the 
initial dynamics of cavity processes in distilled water. The use of such water allows 
comparisons of data on cavity water strength that were obtained by different 
investigators and by different methods. However, preliminary washing and 
purification of experimental equipment (cuvette, shock tubes, etc ) from admixtures 
should be particularly taken into account because admixtures and chemical agents in 
water result in changing of the equilibrium radius and microbubble size distribution. 
The latter may considerably change the cavitation characteristics of water [7]. 

3. Obtaining negative pressures in liquids 

It is possible to induce negative pressures in liquids by thermal means i.e. to heat it in 
a sealed-off vessel until residual air dissolves and, then, to cool it down until rupture of 
the liquid occurs. Dynamic loading can be cyclical (in the field of an acoustic 
transducer or concentrator), monotonic (as in the the breaking of a liquid under the 
influence of centrifugal forces in a rotating glass tube [4]) or it may involve impulses, 
as occurs when a pressure pulse, propagating towards free surface and reflecting from 
it as a rarefaction wave, is introduced into a liquid [8]. In such a rarefaction wave, 
growing cavity nuclei begin to result in cavity cluster formation and changes of the 
dynamics of free surface displacement, pulse changes of passing light absorbing and 
its scattering. The duration of a pulse, its amplitude and the pulse decay slope 
determine further dynamics of the cavity zone. There are other ways of obtaining 


