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Abstract: Two pioneering experiments have demonstrated opposite effects of ambient pressure 

on single bubble sonoluminescence (SBSL): for acoustically-driven bubbles (ADB) a certain 

degree of vacuum promotes SBSL [Dan et al., Phys. Rev. Lett. 83(9), 1870, (1999)], while for 

laser-induced bubbles (LIB) imposing elevated static pressure achieves similar performance 

(Baghdassarian et al., Phys. Rev. Lett. 83(12), 2437, (1999)]. Both methods, however, share the 

same constraint: bubble spherical shape instability limits the extent of vacuuming or 

pressurization. In this paper, we theoretically predict those limits according to the calculation 

of surface instabilities for these two kinds of bubbles. The calculation is based on the phase 

diagrams for sonoluminescing bubbles under different ambient pressures. We showed the 

characteristics of the parametric and Rayleigh-Taylor instability developed on ADB and LIB, 

respectively. The narrow range of stable region for ADB indicates its sensitivity to the 

variation of the ambient condition. In contrast, the large-sized LIB is rather stable and its 

luminescence intensity can be significantly enhanced by imposing high static pressure up to 

several bars 
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1. Introduction 

The phenomenon of light emission from an acoustically levitated bubble has intrigued scientists for a 

long time, reinforced notably by the classic experiment of Gaitan [1]. Apart from theoretically modeling 

the involved hydrodynamic, chemical, and atomic processes directly, an alternative approach to probe 

this phenomenon is to vary external conditions surrounding the bubble and then observe the change in 

the luminescence. The most studied parameter is liquid temperature, as summarized in Ref.[2]. Previous 

investigators also examined the influence of static pressure. Their results show an interesting and 

diverging pattern for two kinds of bubbles: for the acoustically-driven bubbles (ADB), the decrease of 

static pressure below the atmosphere leads to the enhanced sonoluminescence[3], while for laser-induced 

bubbles (LIB), this trend is reversed, i.e., the augmentation of light emission can be caused by imposing 

higher pressure than atmospheric value[4, 5]. In the experiments, both methods shared a constraint in 

pursuing stronger luminescence: bubble instability. In this paper, we leave out the mechanism analysis of 

the pressure effect, and, instead, focus on the latter. We study the characteristics of instability for the two 

categories of bubbles and predict the boundaries of the allowable vacuuming or pressurization. We aim 

to contribute more insights to the broad subject of sonoluminescence. 

2. The numerical model 
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We followed the classic approach proposed by Hilgenfeldt et al[6] and Hao and Prosperetti[7] to 

investigate the bubble instability developed on the bubble surface. The distortion of the surface is 

expressed as: 

( ) ( ) ( , )n nr R t a t Y     (1) 

Where R(t) is the bubble radius and Yn is a spherical harmonic of degree n. The key to predicting the 

instability is to calculate the development of the distortion amplitude an. With the assumption that the 

effect of viscosity is constrained within a small boundary layer around the bubble, the differential 

equation governing an is: 
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 Where βn=(n-1)(n-1)(n+2) and δ is the thickness of the boundary layer, δ=min(√     , R/2n). For 

acoustic-driven bubbles (ADB), the parametric instability is dominant and the threshold for bubble 

destabilization is reached when the maximal eigenvalue of the Floquet transition matrix for Eq. 2 is larger 

than one. For the laser-induced bubbles (LIB), the Rayleigh-Taylor instability is concerned and the bubble 

is assumed to overwhelmed by surface distortion if |  |    during the bubble collapse. In this paper, we 

only consider the case where the unstable spherical mode n =2 and investigate the instability boundary 

using the above criteria for ADB and LIB, respectively.  

The bubble dynamics simulation employs the Gilmore model to calculate the radial oscillation of the 

bubble surface and take into consideration the heat and mass transfer between the bubble interior and the 

surrounding liquid. The details of the model are introduced elsewhere [2]. The simulation of ADB 

requires the knowledge of equilibrium radius R0 at different static pressures p0, which are provided in 

reference [8]. For the LIB, the simulation is initiated at the moment when the bubble expands to the 

maximal radius Rmax following recombination of the laser-induced plasma.  For representing different 

bubble sizes as a result of variation in the laser energy, we assume different Rmax at p0=1 bar for LIB. When 

investigating the influence of static pressure, the maximum radius R
* 

max is recalculated at the new p
* 

0  

according to the scaling law: R
* 

max = Rmax (1/ p
* 

0)1/3. In calculating the surface instability, we assume an initial 

perturbation of a=1 nm and solve Eq.2 with the information of  ̇ and  ̈ from bubble dynamics simulation.   

3. Results 

The simulation of ADB is based on the SBSL test by Dan et al[3], where the acoustic frequency f=17.5 

kHz, acoustic amplitude pa=1.29 bar, liquid temperature T0=21℃, and the relative air concentration 

cair,∞/cair,0=23.3%. The bubble radius R(t) and distortion amplitude a(t) at two static pressure p0=1.0 bar and 

0.85 bar are simulated and presented in Fig.1. It confirms that the instability for this bubble belongs to the 

parametric type and the distortion is accumulated during the afterbounds of the bubble. Comparing the 

distortion amplitude at the two different static pressures, it is revealed that the instability is augmented 

by the decrease of p0. The increase of a is the result of a more violent collapse of the bubble. With the 

decrease of p0, the equilibrium radius R0 increases and the bubble expands to a larger size during the 

rarefaction phase of the acoustic driving. In this case, the initial distortion is amplified from cycle to cycle.  
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Figure 1. The development of bubble radius R(t) and distortion amplitude a(t) at different ambient 

pressures p0 for acoustically-driven sonoluminescing bubbles: (a) p0=1.0 bar; (b) p0=0.85 bar. The parameters are 

taken from the SBSL test of Dan et al[3], i.e., f=17.5 kHz, pa=1.29 bar, T0=21℃, cair,∞/cair,0=23.3%.  

 

Figure 2. The development of bubble radius R(t) and distortion amplitude a(t) at different ambient 

pressures p0 for laser-induced bubbles: (a) p0=1.0 bar; (b) p0=5 bar; (c) p0=10 bar. The maximum radius at 

p0=1.0 bar is 1 mm and decreases with the increase of p0 as Rmax∝(1/ p
* 

0)1/3 . 

For LIB, the higher static pressure would compress the bubble more strongly and increase Rayleigh-

Taylor instability as shown in Fig.2, where the evolutions of bubble radius and distortion amplitude at 

the static pressure of 1 bar, 5 bar, and 10 bar are presented. Measured from the overwhelming criterion, it 

is inferred the bubble would survive from the surface distortion at  p0=1 bar but will be destroyed at p0=5 

bar and 10 bar. 

By conducting large-scale parametric calculations, we scanned the acoustic parameter space and 

obtained the distribution of equilibrium bubble radius as displayed in Fig.2. The acoustic parameters and 

argon saturation in the calculation are based on the test of Dan et al[3]. The results are presented in two 

cases: in Case 1, the acoustic frequency is fixed at 17.5 kHz and R0 is depicted in the pa- p0 space as shown 

in Fig.3(a); in Case 2, the ratio of pa/p0 is fixed at 1.41 and results are displayed in f - p0 space in Fig.3(b). 

All the calculated R0 corresponds to the relative argon saturation cAr,∞/cAr,0=0.23% in water. The figure 

demonstrates two different variation patterns for R0: in Case 1, the variation of R0 is significant per the 

change of p0. However, in Case 2, the equilibrium bubble radius is kept almost constant when p0 varies in 

the range of 0.75-1.0 bar.  The horizontal dotted line corresponds to the test conditions applied in Dan et 

al[3].  
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Figure 3. The distribution of R0 in the parameter space: (a) The pressure amplitude-static pressure 

space (pa-p0) where the acoustic frequency f is fixed at 17.5 kHz; (b) The static pressure-frequency 

parameter space ( p0-f ) where the ratio of pa/p0 is fixed at 1.41. Note the dotted line denotes the test 

parameters employed in the referenced test[3]. 

Based on the calculated ambient radius, we mapped the stability boundaries of the static 

pressure for ADB as well as for LIB as displayed in Fig.4. The range of the threshold pressure is 

very narrow for ADB, i.e., 0.87~1 bar, showing the sensitivity of this category of the bubble to 

the ambient condition. In contrast, the stability boundary for LIB is much higher and extends to 

as high as 5 bar. This feature demonstrates the high stability of LIB with its large size.  

 

Figure 4. The stability boundaries of the static pressure for ADB (a) and LIB (b). The parameters for ADB 

are based on the SBSL test of Dan et al[3], see the caption of Fig.1.  For the LIB, the threshold pressure is 

plotted against the maximum bubble radius for p0=1 bar.  
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