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Application of hydrodynamic cavitation for emulsification 

 
In broad areas of engineering, cavitation is viewed as disadvantageous, as it can lead to wear 
of components. With selective technical implementation, however, it is possible to use cavita-
tion deliberately as well, for example to improve chemical reactions (e.g. in oil degumming), to 
improve extraction, to modify aromas, etc. This also applies to the use of cavitation for emul-
sification, which is the subject of this article.  
 
Cavitation is the term used to describe the formation and implosion of vapour bubbles in liq-
uids. This effect can on the one hand be produced by ultrasound, but also by liquid, which is 
in a state of relative movement (hydrodynamic). This relative movement can be caused by a 
rotating propeller in a calm liquid, or by a liquid in a state of movement, for example, when it 
flows through a static constriction. In such cases, the local pressure in the system drops below 
the vapor pressure of the liquid because of the high (relative) speed of the fluid, so that vapor 
bubbles are formed. If these then make their way into areas of higher pressure, they implode 
at once and for fractions of a second they generate pressures of up to 500 bar, temperatures 
of up to 5,000 K, and implosion speeds of up to 360 km/h. 
 
 

 
 
In the “NanoCavitator LPN” from GEA / CTi, the technical implementation is carried out in such a way 

that multiple changes of cross section are arranged in a tube/pipe by alternating built-in fittings or 
holes with free tube sections. The illustration shows a section of a multi-stage unit. 

 
 

Multi-stage treatment 
 
In one possible arrangement, the dispersion or the fluid mixture is transferred from a feed 
vessel via the hydrodynamic cavitation section (“NanoCavitator”) to a second tank. In this way 
a one-off multi-stage treatment is achieved (the multiple-stage nature results solely from the 
design of the NanoCavitator). In an alternative arrangement, namely with systems arranged in 
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cascade form behind one another, the treatment is repeated. Alternatively, the cavitation unit 
can also be operated in an internal circulation by circulating a relatively large amount of fluid 
(e.g. 5,000 l/h) internally and only adding or removing a small amount (e.g. 100 l/h). The ratio 
of the quantity supplied to the quantity removed determines the number of passages here.  
 
Just as a system-related particle size distribution takes place in the final stage in a mill, with 
an increasing number of passages through the NanoCavitator the droplet size distribution in 
the emulsions produced approaches a final state that is relatively independent of the initial 
droplet size distribution. 
 
In the case of oil-in-water mixtures, bimodal distributions have been observed. Both oil-in-wa-
ter emulsions (O/W) or optionally, in the case of a phase reversal, water-in-oil emulsions (W/O) 
as well as multiphase emulsions were produced. 
 
 

   
W/O Emulsion 
 

O/W Emulsion  
 

O/W/O double emulsion 
(magnified ten times) 

 
Application without an emulsifier, measurement 10 minutes after sampling 

 
 
The diversity of applications is large. For instance a variety of final states can be produced by 
adding emulsifiers, by changing the mixing ratios, by varying the temperature and flow rates, 
as well as by adding genuinely dissolved substances (e.g. sugar in water). A mixture of 80 % 
water containing carbohydrate with 20 % oil had a bimodal distribution with maxima at 400 nm 
and 1200 nm as a final droplet distribution. 
 
For emulsification as a special field of application of hydrodynamic cavitation, a broad range 
of potential applications for the industry is apparent, both for small (10 l/h) and for medium to 
high flow rates (24,000 l//h and more). 
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