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Lecture 1: 
Microbubbles:   importance and generation method  
 
Many chemical and biochemical engineering processes use gas bubbles dispersed in a liquid. 
A typical case is wastewater treatment depending on providing oxygen to bacteria that 
decompose the wastes. Another case is cultivation of unicellular algae expected to producing 
food and fuels, dependent on transfer of CO2  needed for photosynthesis. It is desirable to use 
bubbles as small as possible having a large total transfer surface for a given gas volume. 
Simultaneously also increased is the time available for the transport, due to rapid decrease of 
the bubble ascent velocity with diminishing size. Particularly attractive are sub-millimetre 
microbubbles. They can, perhaps somewhat surprisingly, exhibit physical behaviour 
qualitatively different from that of larger-sized bubbles [1]. Attractive advantages offered 
were until recently employed less than they deserve because available methods of generating 
microbubbles tended to be rather inefficient. The seemingly simplest method  –  percolating 
the gas through an aerator having a large number of small parallel exit channels fails because 
of microbubbles growth by conjunctions due to their slow mobility [2, 4]. Also the shape 
oscillation [3] following a conjunction is a factor in the process. A promising solution was 
found [3, 5, 6, 7] in pulsating the supplied gas flow, using fluidic oscillators – simple devices 
essentially consisting of nothing more than a specially shaped gas inlet  [8, 9, 10]. While 
inexpensive and not extracting much energy from the gas flow, the fluidic oscillators are also 
maintenance-free and robust. Due to absence of any movable and/or deformed mechanical 
components, they can reach high pulsation frequency, are maintenance-free, and their life is 
practically unlimited. 
 
 
 
Lecture 2: 
Microbubbles in photobioreactors 
 
Our civilisation is based upon availability of cheap fossil crude oil for transporting people and 
goods. Price is rising, sources being limited – and existing mostly in politically unstable 
regions. A solution is sought in producing biofuels from simplest unicellular plants, algae [11, 
12, 13] . After all, fossil crude oil was formed by anaerobic decomposition  from microalgae 
ancestors [14]. In contrast to use of photosynthesis in higher plants, algae exhibit an 
unrivalled speed of growth – the doubling time of exponential mass production is mere 3.5 
hours under optimal light conditions. Moreover, algae as the source are sustainable, 
renewable, can use waste water as the growth medium and remove from the atmosphere the 
CO2  generated by man-made combustion processes.   Suitable technologies were for algal 
cultivation and processing were already demonstrated, but tend to be expensive. The rather 
promising goal of independence on existing fossil fuel sources necessitates further 



development the techniques to make all aspects (beginning from choice of suitable algae 
species and ending with petrochemical  conversion processes)  much less expensive.  
Supplying of CO2 into water by microbubbles in photobioreactors may be one of those many 
important development steps towards the fundamental change in world politics. 
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