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The cavitational activity of a tubular sonoreactor was simulated and related to the chemical reaction rate 

in order to study the effect of different design parameters. The conversion was improved with a factor 

10 by optimization of the reactor diameter. Further improvement of the conversion with 20% was 

achieved by shifting the transducers apart. When the reactor diameter is in the millimeter scale, stainless 

steel and borosilicate glass walls very well resemble sound-hard walls. The impact on the total 

conversion can, however, be significant when increasing the diameters to a decimeter scale. A 10% 

lower conversion was observed with glass walls compared to sound-hard boundaries. 

1. Introduction 

Modeling of sonochemical reactors can provide insight into understanding the effects of ultrasound on 

chemical processes and support the design and upscaling of these reactors. Most research focuses on the 

application of ultrasound in chemical batch reactors with ultrasonic horns (Sutkar et al., 2010). 

However, tubular reactors with ultrasound transducers attached to the walls appear to be very promising 

for application of continuous sonochemical reactions (Gogate et al., 2011). The tubular reactor design 

improves the homogeneity and distribution of reagents and temperatures inside the reactor, which 

results in better control of operations and improved reproducibility compared to batch reactors 

(Ruecroft et al., 2005, Gogate, 2008, Lawton et al., 2009, Su et al., 2007). This study investigates the 

effect of specific design parameters on the obtained pressure field and the subsequent chemical reaction 

rate. 

The geometry of the reactor has, besides the frequency and ultrasound intensity, a significant impact on 

the sonochemical efficiency (Klima et al., 2007, Louisnard et al., 2009, Asakura et al., 2008). Therefore, 

the impact of the reactor diameter and positioning of the ultrasound transducers were studied. Most 

models of sonochemical reactors assume sound hard boundaries. However, in reality no perfect sound-

hard materials exist. The impact of realistic construction materials on the sonochemical efficiency is, to 

our knowledge, not yet investigated. In this study, sound-soft, sound-hard, stainless steel and 

borosilicate glass walls were simulated and compared. 

2. Materials and methods 

The COMSOL Multiphysics software package was used to simulate the cavitational activity of a tubular 

sonoreactor and relate it to the chemical reaction rate of a theoretical first order reaction. The 

simulations were started with an optimization of the reactor diameter and positioning of the ultrasound 

transducers. The reactor diameter was investigated at a millimeter and decimeter scale. In the latter case, 

the diameter was changed between 1.4 and 3 times the wavelength with a step-change of 0.05 to find 

the optimal diameter which results in the highest conversion. The position of the transducers was 

changed from exactly opposite to each other to a shifted position by increasing the distance between the 

transducers from 0 till 400 mm. Afterwards, the effect of the channel wall material was investigated. 

Perfectly sound-hard and sound-soft walls were simulated by choosing the predefined settings of 

COMSOL. Stainless steel and borosilicate glass walls were simulated by introducing an impedance Z 

which has been correlated to the density and speed of sound for both materials Z = ρmat .cmat. 

3. Results and discussion 

The highest conversion was achieved at a reactor diameter of 106 mm and by shifting the transducers 

one time their width apart. The former allowed an improvement of the conversion with a factor 10 

where the latter further increased the conversion with 20%. Table 1 shows the conversion for different 



channel wall materials in reactors with diameters of 1 mm and 106 mm. For the reactors with a diameter 

of about 1 mm, borosilicate glass and stainless steel result in similar conversions, comparable to sound-

hard boundaries. However, larger differences are observed when the diameters are increased to 106 mm. 

Borosilicate glass walls results in a 10% lower conversion than sound hard-boundaries. The acoustic 

pressure profile shows also significant lower pressures compared to sound-hard walls. Simulation of 

stainless steel walls shows a conversion and an acoustic pressure profile in the same order of magnitude 

as sound-hard boundaries. 

Table 1: The sonochemical conversion for reactors with a diameter of 1 mm and 106 mm with different 

channel wall materials 

diameter channel wall material 

 sound-
soft 

sound-
hard 

stainless 
steel 

borosilicate 
glass 

1 mm 38% 84% 84% 84% 

106 mm 17% 89% 85% 76% 

4. Conclusion 

The diameter of the reactor and positioning of the transducers were optimized through simulations of 

the sonochemical conversion. Selecting this optimal diameter resulted in an increase of the conversion 

with a factor 10 where shifting the transducers further improved the conversion with 20%. Simulations 

of different channel wall materials indicate that the choice of material is not significant for reactors with 

diameters of 1 mm but is important when the diameter is increased to about 106 mm. Stainless steel 

seems to be a better construction material for constructing sonochemical reactors on a decimeter scale 

than borosilicate glass. 
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