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Purpose:  

The purpose of this effort is to investigate whether large acoustic pressure waves can be transmitted 
inside beverage containers to enable pasteurization.  Acoustic waves are known to induce large nonlinear 
compressive forces and shock waves in fluids, suggesting that compression waves may be capable of 
damaging bacteria inside beverage containers without appreciably increasingly the temperature or 
altering the freshness and flavor of the beverage contents. Although a combined process such as 
thermosonication (e.g., sonication with heating) is likely more efficient, it is instructive to compute the 
acoustic pressure field distribution inside the beverage container. The COMSOL simulations used two and 
three-dimensional models of beverage containers placed in a water bath to compute the acoustic 
pressure field. A limitation of these COMSOL models is that they cannot determine the bacterial lysis 
efficiency, rather the models provide an indirect metric of bacterial lysis based on the magnitude of the 
pressure field and its distribution.  
 
Background: 

The pasteurization of beer occurs after fermentation, which is at the end of the industrial production. 
Pasteurization typically uses a mild thermal process (60°C) to inactivate the fermenting yeast and potential 
microorganisms, thus extending the beer shelf-life at room temperature. Compared to sterilization, 
pasteurization uses minimal heat treatment, generally at a temperature below the boiling point of water. 
The general objective of pasteurization is to extend product shelf-life by inactivating all non-spore-forming 
pathogenic bacteria, most vegetative spoilage microorganisms, and fungi, as well as inhibiting or stopping 
microbial and enzyme activity. To be effective, pasteurization is frequently combined with another means 
of preservation such as concentration, acidification, chemical inhibition. Recently, non-thermal 
pasteurization methods have gained attention since the heat treatment processes negatively affects the 
original beer freshness and flavor. For example, filtration is one of the oldest non-thermal methods 
employed by breweries before filling (bottling/canning). However, the shelf-life of filtered beer is much 
shorter in comparison to thermal pasteurized beers since some spoilage organisms remain in the beer 
after filtration [1].   

Since the conventional thermal process can negatively affect the beer flavor [2] emerging non-thermal 
pasteurization technologies like high pressure processing (HPP), pulsed electric fields (PEF) [3, 4], 
ultraviolet (UV) irradiation [5, 6], and high-power ultrasound (US) or sonication [7, 8] alone or combined 
with mild heating have been investigated. Acoustic waves have found widespread use for fluid 
manipulation [9], spore lysis [10] performing cellular membrane disruption [11-13], inducing shock waves 
and cavitation in fluids through remote means.  For pasteurization, high-power US and sonication have 
been used for wines, whiskey, and spirits, where results showed that it changed the alcohol/ester balance 
creating an ageing effect [14]. One author did not find significant changes to the physicochemical and 
sensorial properties of beer for a process using thermosonication (TS) with simultaneous exposure to US 
and heat: 2.7 W/ml acoustic power density, temperatures of 40, 50, and 60°C, for 2 min treatment time 
[15]. However, higher acoustic power density (10.8 W/ml) and temperature (75°C) TS process for 20.5 s, 
equivalent to a 15 PU process (i.e., 1 PU is defined as 1 min treatment at 60°C [4]), developed an 
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unacceptable haze in ale and lager beers [16]. It was concluded that sonication of malted barley increased 
the size of the starch granules, and a better quality was obtained when malted barley was exposed to TS 
compared with thermally treated or untreated malted barley [17]. In most of these reports, the sonication 
method used an acoustic finger or transducer element inserted into a vessel where the beverage was 
pumped through an actively cooled vessel to limit the temperature rise of the product, see Figure 3 in [4]. 
Of significance, the acoustic transducers were in direct contact with the beer. Prior work suggests that the 
US operating conditions (i.e., power, duration, temperature) must be optimized to achieve the desired PU 
and physicochemical and sensorial properties of the beer [4]. 

In this work, a finite element analysis (FEA) was performed for the case where a beverage can was 
immersed in water to allow coupling of high-pressure acoustic waves through the water into the beverage 
can.  The key questions addressed for the steady state condition were: 1) maximum acoustic pressure, 
and 2) the acoustic pressure distribution within the beverage can. At present, the model does not compute 
the pasteurization effect on a biological sample, however, the model can serve to guide the critical 
operating conditions and US pasteurization setup.  

 
Two-Dimensional FEA Model 

Using COMSOL Multiphysics™, a model combining pressure acoustics, solid mechanics, and electrostatics 
was developed to determine the acoustic pressure that can be induced inside beverage containers 
immersed in water. A cylindrical piezoelectric transducer composed of PZT-5A was placed in contact with 
a fluid that allows acoustic waves to propagate into the beverage container. The frequency of the acoustic 
transducer was defined to 60kHz to represent high power commercially available transducer for this 
application.   

  
Figure 1. 2D model configuration. a) Beverage can model in SolidWorks, b) Cross-section through the center of 
the beverage container immersed in water with two focused acoustic transducers projecting acoustic waves 
toward the beverage container. The water gap was 5 mm. 
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Figure 2. Two cylindrical transducers, a) Total acoustic pressure in water and beverage can domain at 60 kHz, b) 
Total acoustic pressure measured along the y-axis (red), c) 5 mm above the x-axis (green). Inside the aluminum 
wall, the acoustic pressure is not defined and instead there is a jump in the pressure across the boundary, and d) 
total acoustic pressure in the water and beverage can at 200 kHz transducer frequency. 

  

To reduce memory requirements, a 2D model was developed to capture the acoustic generation and wave 
propagation through an aluminum beverage can.  For the simulation the diameter of an aluminum can 
was taken as 6.62 cm with a wall thickness of 0.1 mm. Two cylindrical transducers were defined on the 
outer boundary in contact with water that partially encompassed the aluminum can (Figure 1).  In Figure 
2a and 2b, the spatial dependence of the acoustic pressure is shown at 60 kHz. Since the acoustic velocity 
in water is ~1500 m/s, the acoustic wavelength in the water domain is 25 mm, which easily passes through 
the thin aluminum (i.e., 0.1 mm) of the beverage can with very little phase shift or noticeable attenuation 
(Figure 2c). Higher frequency transducers will produce more nodes within the can. The maximum acoustic 
pressure achieved for a 1,000 V drive potential was ~600 kPa. Since the acoustic pressure varies more 
strongly along the x-direction due to the locations of the transducers but not exactly along the x-axis, a  
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line was defined 5 mm above the x-axis to compute the acoustic pressure along this line (Figure 2c). In 
Figure 2d, acoustic transducers at 200 kHz would produce more pressure nodes as well as more sonication 
cycles per second and thus presumably more efficient bacterial lysis. 

A piezoceramic tube transducer (Figure 3) was placed around the beverage can immersed in water.  A 
large piezoceramic tube transducer would be more difficult to manufacturer; however, it provides 
additional insight into the acoustic pressure distribution within the beverage can. In this case, for a 1,000 
V drive potential, the acoustic pressure variation reaches a value up to ~10 MPa. If the material yield of 
PZT- 5H can be maintained at this high drive level (e.g., pulse with a low duty cycle), the circular tube 
transducer would provide about 10x higher acoustic pressure inside the beverage can. As for 
manufacturing, Boston Piezo Optics Inc. is known to produce piezoceramic tube transducers up to 2 cm 
in diameter, which is too small for this application. Piezo Technologies Inc. supplies high power acoustics 
transducers from 20 kHz to 20 MHz and may be able to manufacturer a piezoceramic tube transducer 
with a radius of ~ 4 cm.  Thus, individual transducer elements would likely be required to form a circular 
transducer array around the beverage can.  

Three-Dimensional FEA Model 

A 3D model was developed to explore the acoustic pressure that can be transmitted into an aluminum 
beverage can. The model of the can was simplified to reduce complexity of the FEA mesh. However, the 
overall size of the aluminum can is identical to a standard beverage can, having a radius of 3.31 cm, height 
of 12.2 cm, and wall thickness of 0.1 mm. In Figure 4, the FEA simulation shows the acoustic pressure at 
60 kHz. At 60 kHz in water, the acoustic wavelength is 25 mm or about 3.8x longer than the radius of the  

  
(a) (b) 

  
(c) (d) 
Figure 3.  A piezoceramic tube transducer. a) total acoustic pressure in water and beverage can domain at 60 kHz, 
b) Total acoustic pressure measured along the y-axis (red) 60kHz, c) 5 mm above the x-axis (green) at 60 kHz, and 
d) Total acoustic pressure in water and beverage can domain at 200 kHz. 
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beverage can, which limits the number of pressure nodes in the can.  It would be more advantageous to 
produce additional nodes within the beverage can, suggesting that the acoustic transducer frequency 
should be increased to at least 200 kHz. In Figure 5, the acoustic drive frequency was increased to 200 
kHz. The acoustic pressure increases to 1 MPa with multiple nodes across the cross-section of the 
beverage can. This analysis suggests that a transducer operating ~200 kHz would more efficiently destroy 
bacteria in the beverage can. Though the acoustic loss scales approximately as the frequency squared, the 
frequency is sufficiently low that the acoustic losses are negligible. A 5 mm gap between the transducer 
and the beverage can is a very thin water gap, limiting acoustic losses in the gap. 

Conclusions: 

2D and 3D COMSOL models were developed to compute the acoustic pressure fields in the water domain 
that surrounds the beverage can as well as inside the can. The models showed that lower frequency 
acoustic transducers (i.e., 60 kHz) may not provide the required acoustic pressure for bacterial lysis since 
they do not produce enough pressure nodes inside the beverage can, which is due to the longer 
wavelength in water. Increasing the transducer frequency to 200 kHz produced far more acoustic nodes 
inside the beverage can along with more sonication cycles per second. A piezoceramic tube transducer 
produced acoustic pressure nodes with cylindrical symmetry compared to the focused transducers. 
Transducer frequencies at 200 kHz produced acoustic pressure variation ~1 MPa, which is likely sufficient 
to destroy or lyse bacteria. Future experimental studies are needed to determine which transducer  

 
 

(a) (b) 

  
(c) (d) 
Figure 4. 3D FEA analysis at 60 kHz transducer frequency. a) 3D FEA of a water filled beverage can immersed in 
water with two acoustic transducers facing the can, b) Total acoustic pressure, c) von Mises stress, and d) YZ cut 
plane showing acoustic pressure perpendicular to the acoustic transducer faces.  
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geometry and drive frequencies are optimum for cellular membrane disruption and ultimately 
pasteurization. 
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Figure 5. 3D FEA analysis at 200 kHz transducer frequency. a) Total acoustic pressure, b) von Mises 
stress, and c) YZ cut plane showing acoustic pressure perpendicular to the acoustic transducer faces.  
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