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1. Introduction 

Ultrasound technology shows a great potential for intensification of industrial 

processes like crystallization, precipitation or water treatment 
[1-2]

. These usually 

operate in continuous mode or require additional stirring of the mixture. Therefore,  

the effect of flow or agitation on the acoustic field is an important consideration for 

the design and scale-up of ultrasonic reactors. Previous research reported 

contradicting results, indicating that flow or agitation can either improve or attenuate 

the sound field, depending on the method used to characterize the cavitational 

activity 
[3-8]

. This study evaluates the effect of both flow and stirring under various 

operational conditions using multiple characterization techniques such as 

sonoluminescence and coated thermocouple measurements simultaneously.   

2. Materials and methods 

Influence of agitation was evaluated in a rectangular tank (200 x 85 x 210 mm) in 

which a transducer was submerged opposite to the upright reactor wall. One 

transducer (Ultrasonics world, MPI-DISK-SPZT8-500X35) operated at a frequency 

of 132 kHz and a power of 8W, another (Meinhardt E/805/T/M) at 580/860/1140 

kHz and 20 W. A mechanical stirrer with a rectangular stirring blade (30 x 25 mm) 

was placed 70 mm from the transducer and operated at various rotation speeds. The 

effect of flow was investigated within a rectangular flow cell of 10 x 10 mm, 

equipped with a transducer (PICeramic, PRYY-1128) operating at 231 kHz and  

15 W. The electrical signal to drive these transducers was generated by a Picotest 

G5100A waveform generator, connected to an E&I 1020L RF power amplifier. 

 

Sonoluminescence (SL) signals were obtained by a Hamamatsu H11890-210 photon 

counting head positioned at the center of the ultrasound field. A Fluke K-type thermocouple 

coated with a rubber was incrementally displaced over the axial axis of the sound field to 

measure the ultrasonic intensity, based on a method developed by Martin et al. 
[9]

 

 



3. Results and discussion 

Figure 1 shows the temperature plot along the axial axis of a 580 kHz, 20 W transducer, 

obtained within the rectangular tank at various stirring speeds. A semi-standing wave pattern 

arises and is maintained at all agitation levels, although the intensity decreases slightly as the 

stirring speed increases. The SL-signal was affected to a greater extent, and decreased by 

more than 60% at low (50 rpm) to moderate (400 rpm) stirring speeds (data not shown). In 

contrast, SL-experiments performed within the rectangular milliflowreactor at various flow 

rates up to 50 ml/ min show no attenuation. Despite the difference in dimensions and 

frequencies, the results indicate that agitation and flow have a different effect on the sound 

field. A laminar flow, present within the milliflowreactor will not significantly influence the 

sonication, while a stirrer in a batch tank either moves or attenuates the cavitation bubbles.    

 
Figure 1. Temperature difference (Tequilibrium – Tbulk), proportional to the local acoustic intensity, along the 

axial axis of the transducer (580 kHz, 20 W) at several stirring speeds within a rectangular batch reactor. 

4. Conclusion 

The effect of flow and agitation was studied within a milliflowreactor and tank reactor, 

respectively. Results indicate that the ultrasonic intensity, measured by the SL-signal, is 

affected differently by either stirring or flow. As attenuation is not observed within the 

milliflow set-up, this reactor shows more potential for scale-up and implementation in 

industrial processes compared to a stirred batch reactor.    
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