
NATO ARW Liquids Under Negative Pressure   Febr. 23-25, 2002, Budapest, Hungary 
 

Relaxation Effects and Disintegration Problems of Cavitating Liquids 
at Pulse Loading 

V. K. Kedrinskii  
Lavrentyev Institute of Hydrodynamics, pr. ac. Lavrentyeva, 15,  Novosibirsk 630090, Russia 
E-mail: KEDR@hydro.nsc.ru 
 
 

The paper presents the results of experimental and numerical studies of bubbly cavitation 
development as well as of  tensile stress structure in a liquid as an effect of dynamic loading.  

State of real liquids and relaxation effects. Experimental studies on the dynamics of 
scattering indicatrix of laser beam by microinhomogeneities carried out in hydrodynamic electro-
magnetic shock tube have shown that a lot of microbubbles of free gas (as cavitation nuclei) by a 
radius about 1.5 µm are  even in a sample of distilled water. It means that the notion of two-
phase system can be applied to real liquids and hence to describe a dynamics of tensile stresses  
and a cavitation development the  corresponding two-phase mathematical model can be used.   

Such approach allowed a number of principal questions to be resolved. In particular, it 
was shown that a steepness of a rarefaction wave front restricts a magnitude of maximum 
negative pressure which can be permissible by a real liquid. The application of two-phase 
mathematical model for studing the cavitation processes developing near bottom of tube filled 
with distilled water and accelerated vertically downward by impact allowed the analitical 
estimation of relaxation time of tensile stresses in cavitating liquid to be received. It turned out 
that a relaxation time mentioned is very short (about 0.1 µsec for 30 MPa amplitude of negative 
pressure) and cavitation process is developing mainly inertially.  

Cavitative fracture of liquid. If pulse tensile stresses applied are rather power a 
cavitation zone development is characterized by practically unlimited inertial expansion of 
bubbles to the stages when a cavitating liquid is transformed  into a structure of foam type and 
then into a gas-drop system. The intensively developing cavitation zone and the inversion of its 
state  were studied by the shock tube (ST) and pulse x-ray technique. Laser and then computer  
processing of the density distribution of the X-ray negatives allowed one to obtain easy-to-
interpret  computer  versions  of experimental data which grant a unique possibility of 
reconstructing the structure dynamics of the cavitation zone at any cross-section.  

The model of instantaneous relaxation was suggested to calculate the later stages of 
cavitation development. Such approach made it possible to study the dynamics of mean density 
of cavitation zone and distribution of mass velocities. Experimental data obtained by the method 
of lead foil traces and pulse X-ray  photography was shown to be in agreement with  numerical  
studies of mass velocities profile which turned out to be "frozen" during evolution of the 
cavitation zone.  

The process of pulsed fracture of a liquid as an inversion of its two-phase state with 
transition from a bubbly- to a gas-droplet-structure was studied using the effect of disintegration 
of liquid drop as a result of ultra short impact. It was shown that under pulse loading the initial 
liquid volume is transformed into the structure of the liquid mesh type in which the 
decomposition of cells into separate jets and further into drops  makes up an essence of the 
inversion process.  Numerical results on the features of cavitation development into a liquid drop 
will be discussed.  
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