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  Abstract. The influence of dissolved gas diffusion  from  oversaturated   magmatic melt on the  
  wave field structure  and the dynamics of   an  “average”  bubble   is numerically  analyzed  for  
  two cases: when the diffusion fluxes  into  bubbles  are  strongly  restricted  and  when diffusion   
  fluxes provides the mass gas increase in bubbles. In the first case the decompression  wave  and  
  mass  velocity  profiles turned out to have   classical   shapes and  the  nuclei  density Nb reaches  
  value  1010 m-3.   When  the  restrictions are  removed   the   profile  of  decompression   wave  is   
  fundamentally  changed: in the vicinity of free surface of   magma column the distributions  of    
  mass velocity  and  pressure  are  abruptly increased. It was found that during a long  time  the gas 
  pressure inside the  cavitation  bubbles  turned  out  to be  stabilized  in spite  of  an  increase both 
  of  bubble radii  and  magmatic melt viscosity.   
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    Introduction.  
 

   Explosive volcanic eruptions comprise a wide spectrum of processes induced by 
decompression wave in a compressed magmatic melt. In spite of  intensive research of 
vesiculation processes  [1] and of problem of magma  destruction with formation of 
ash clouds [2]  carried out  with application of  various mathematical models and 
experimental simulation  the mechanisms determining a magma state dynamics and 
forming a flow structure behind the decompression waves front, as well as an 
explosive character of eruption proper, remain unclear. In addition the studies are 
often reduced to  analysis of some individual characteristics of the magma state don’t 
taking  into account that the processes inherent in the eruption are interrelated and 
multi-parametric. In particular, one of the possible approaches to the problem decision 
of magma state dynamics  formulated in [3] consists in the finding common hydro- 
(gas-) dynamic signs characteristic both for  the explosive volcanic eruptions initiated 
by decompression waves and for well-studied high-velocity multi-phase  
hydrodynamic flows of ”ordinary” liquids developing under shock-wave loading.  
   In particular, the analogy between such kind of dynamic processes allows one to 
apply    approach based on two-phase  mathematical model of Iordanski-Kogarko-van 
Wijngaarden (IKW-model) with kinetic equations system closing the conservation 
laws system and describing the main physical processes progressing in a magma.  The 
researches of magma state dynamics carried out within the frame work of IKW-model  
have shown that exactly a cavitation development plays key role both in the formation 
of a wave field structure and in multi-phase flow disintegration during an eruption. At 
the same time,  the dynamic characteristics which determine a magma state turned out 
to be  interrelated functions. The paper presents the numerical analysis results of 
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“collective” bubble dynamics in a cavitation zone saturated with nuclei and wave field 
structure.   
               Wave field and bubble dynamics in magmatic melt 
 
   Dynamics of cavitation zone saturation with nuclei. The dynamics of the wave 
�eld structure, the process of cavitation zone formation, and the basic characteristics 
of the melt state were studied within the framework of the problem of arbitrary 
discontinuity decay on the contact boundary  (lava plug)  between the magma and a 
channel (or a cone) opened into the atmosphere. When the plug is destroyed, a 
decompression wave starts to propagate along the magma melt column (initial height 
H = 1 km) toward the volcanic channel. The calculations were performed for the 
following initial conditions: pressure in the volcanic channel pch = 170 MPa, 
temperature T = 1150oK, initial density of the magma melt �0 = 2300 kg/m3, and initial 
mass fraction of the dissolved gas C0 =5.7%. The distribution of the main parameters 
along the column (at t=0 s)  is determined by the gravity force.  
   First step is the analysis of formation of zone saturation with cavitation nuclei. Just 
in this zone the dynamics of magma state and  “collective” bubble dynamics will be 
studied. Taking into account the physics of nucleation and of diffusion processes we 
introduce  the notion of di�usion layers (thickness rd)  around the cavitation nuclei (Rb 
radius)  where we assume that the nucleation frequency J  is much smaller than far 
from the nuclei. The numerical analysis (performed for � = rd / R=5) has shown that 
the saturation zone density with nuclei Nb and the initial values of cavitation bubble 
radii depend on the given width of di�usion layer. Indeed, if the  di�usion layer 
parameter increases in the interval � = 5–50, the saturation density Nb decreases from 
5·1010 to  8·107 m�3 magnitude. But the saturation time turned out to remain invariable. 
Table 1 represents the data on the dynamics of saturation density in a vicinity of a free 
magma surface. Here, the top row contains fixed instants of time, and the lower row  
contains the corresponding interval of the saturation density magnitudes. One should 
note that practically for all diapason of � values mentioned, the saturation is practically 
terminated at a time instant about 28–29 ms. However,  the front of “saturation wave” 
(zone boundary) abruptly increases during  last 1–2 ms.  
 
TABLE 1.  Dynamics of  saturation zone formation 

 
Nucleation time /                       Initial stage 
Saturation density   

             Final stage 

t,  ms                        23            24           25        26               27                     28               29  
Nb , m-3                   10-7 ÷ 1    10-3 ÷ 1    1 ÷ 3     1÷ 8 103    1÷106               1÷5 108     1÷5 1010  

 
   Cavitation bubbles with a constant gas mass. To estimate the role of di�usion 
processes in the state dynamics of cavitating magma and of wave �eld, it’s  reasonable 
to start by specifying a condition that “prohibits” the di�usion of gas from the 
di�usion layer to cavitation nuclei after their emergence [4]. Though a nucleation 
frequency J= J� exp (�W��/ kBT) increases exponentially, its value at the initial stage of 
decompression wave front formation is insigni�cant, therefore, the calculation of 
nucleation process was started from the instant when the pressure on the front 
decreased by 60 MPa. At this instant (22-23 ms after the discontinuity decay), a 
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supersaturation condition was instantaneously imposed for the gas dissolved in the 
melt, and the di�usion process started.  It means that the nucleation process is 
triggered with a high frequency J (see W� =16��3/3�p2) – the work spent on formation 
of critical-size nuclei.  

 
FIGURE 1. Distribution of pressure P and mass velocity U in a saturation zone (t=0.25 s) 

 
   For the time t =0.25 sec Fig.1 shows the distributions of pressure P and  mass 
velocity U, of the density of saturation as lgN (N= Nb/N0, N0=1m-3) and the bubble 
radii distribution Rb in this zone.  One can see that the wave front reaches the level z 	 
650 m and the mass velocity �eld is almost uniform (with U 	 35 m/sec on the 
average). The period of formation of the complete nucleation front, which actually 
includes the basic process of nuclei accumulation (from 108 to 1010 m�3), takes  
approximately about 1 msec.  
   “Collective” bubble  dynamics: role of increasing gas mass. Figure 2 shows the 
profiles of  decompression wave and of mass velocity in the magma melt (t=0.33 s) as 
well as the distribution of bubble radii Rb  and volumetric concentration of gas phase k  
(t=0.11 s)  in a saturation zone when  the restriction on gas di�usion into the bubbles 
was removed. It is seen that the pressure and mass velocity pro�les in the melt di�er 
signi�cantly from profiles shown in Fig.1.  

        
 
FIGURE 2. Distribution of pressure P and mass velocity U (t=0.33 s), radii Rb and  volumetric 
concentration of gas phase k  (t=0.11 s)   in a saturation zone.  
 
   The zone with an almost constant mass velocity U 	 20 m/sec is formed behind the 
decompression wave front (z 	500–800 m)  by  time t =0.33 sec and then, the velocity 
drastically increases, reaching U = 150 m/sec in the vicinity of free surface. The 
pressure pro�le becomes substantially di��erent: pressure behind RW suddenly begins 
to  increase (from 60 to 80 MPa, instead of dropping  as shown in Fig.1) occupying 
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rather large part of cavitation zone and terminates by some plateau where pressure 
exceeds 20 MPa. Note, that  already in  t=0.11 s abrupt increase of gas phase 
concentration up to k 
 0.5  and bubble radii are observed (Fig.2). Note, that by t=0.37 
s in this zone the melt losses about half of volume of dissolved gas and its viscosity  
increases by several orders and reaches 5·108 Pa·s.   
 

 
FIGURE.3. Dynamics of pressure Pg and concentration Cg of the gas inside  the bubbles  in the  
“Lagrangian” section for two time intervals: t =0.0875–0.1800 s and  t =0.0875–0.37 sec. 

 
   Analysis of Fig.3 allows one to identify two basic speci�c features of the dynamic 
behavior of main parameters - pressure Pg and concentration Cg inside bubbles in  the 
“Lagrangian-section” (900 m, initial level): 1. the drastic increase in the gas 
concentration values, Cg ,  which at t =0.18 s consist more than 10% of the maximum 
possible value and at t =0.37 s - already more than 50% ; 2. the effect of gas pressure 
stabilization in bubbles (Pg 	 62 MPa) despite the signi�cant growth of  “collective” 
bubble radii  and gas mass in its. Stabilization of gas pressure Pg and its subsequent 
insigni�cant decrease together with a simultaneous �ve-fold increase in the bubble 
volume testify to the governing role of gas di�usion and growth of melt viscosity in 
the dynamics of the “collective” bubbles in saturated cavitation zone.  
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