
 

 

 

 

 

 

 

Monika Landgraf 

Chief Press Officer  

 

Kaiserstraße 12 

76131 Karlsruhe, Germany 

Phone: +49 721 608-47414 

Fax: +49 721 608-43658 

E-mail: presse@kit.edu 

KIT – The Research University in the Helmholtz Association 
 www.kit.edu 

Page 1 / 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A cavitation bubble forms in a lubricant at the boundary between the oil-attracting 

(yellow) and the oil-repellent surface (black). When used as a buffer, it might reduce 

wear.(Photo: KIT) 

Researchers have discovered a so-far unknown mechanism for 

the formation of cavitation bubbles by the means of model cal-

culation. In the Science Advances journal, they describe how 

oil-repellent and oil-attracting surfaces influence lubricant flow. 

Depending on the viscosity of the oil, a vapor bubble forms in 

the transition area between oleophobic and oleophilic domains. 

This so-called cavitation is known to damage material of e.g. 

ship propellers or pumps. However, in lubricated contacts it 

can have a positive effect, as it may help separating the surfac-

es and thus preventing damage. DOI: 10.1126/sciadv.1501585 

The group of computational tribologists at KIT was interested in the 

influence that chemically heterogeneous surfaces have on the flow 

of a lubricant. They analyzed in particular nanometer-sized lubrica-

tion gaps, a critical scenario close to boundary friction, i.e. shortly 

before the surfaces are in direct contact. For this purpose, they cre-

ated a mathematical model in which they varied viscosity of the lub-

ricant and the chemical properties of the surfaces. “We were very 
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surprised to find cavitation in the transition area of the surfaces, i.e. 

at the boundary between oil-attracting and oil-repellent surface 

spots,” Dr. Lars Pastewka and Professor Peter Gumbsch of KIT’s 

Institute for Applied Materials report. 

Due to its destructive force, cavitation is a well-known and feared 

phenomenon. “Current cavitation models assume that geometry 

causes cavitation, such as high flow rates in constrictions in pumps 

or near a ship’s propeller,” Pastewka explains. Bernoulli’s law states 

that the static pressure of a fluid decreases with increasing flow rate. 

If the static pressure drops below the vapor pressure of the fluid, 

bubbles form. If pressure increases again, e.g. if the fluid flow rate 

decreases after having passed a constriction in a pump, the vapor 

condenses and the bubbles implode. This leads to spikes in pres-

sure and temperature that can erode even hardened steel. 

“This sudden implosion of vapor bubbles, however, does not occur 

in most lubricated tribosystems,” says Dr. Daniele Savio, now re-

searching at the Fraunhofer Institute for Mechanics of Materials in 

Freiburg. “As the fluid gap between two contacting surfaces is usual-

ly very narrow, the cavitation bubbles cannot grow and remain sta-

ble. Hence, they have no destructive effect, and may even serve as 

a buffer that reduces wear and friction of the surfaces. It is therefore 

important to generate this positive effect in a controlled manner”. 

The simulation model of Savio and his colleagues confirms that 

chemically patterned surfaces may lead to cavitation bubbles. Their 

publication in Science Advances started from the question of wheth-

er cavitation is the rule or an exception in situations where a lubri-

cant flows between two surfaces. “Real surfaces are never truly 

homogeneous, i.e. only oil-attracting or oil-repellent,” Savio points 

out. “The effect we observed may therefore be encountered wher-

ever surface properties vary in lubricated mechanisms, such as in 

engines or pumps.”  

So far, cavitation has been considered a geometric effect resulting 

from shear forces, flow rate, and pressure differences exclusively. “It 

is a completely new finding that fluids cavitate when local changes in 

surface chemistry occur,” Pastewka emphasizes. The researchers 

are convinced that interactions between surface and lubricant can 

be improved considerably through specific adjustments of surface 

chemistry. In the model simulations, surface separation was for in-

stance increased by 10%.  

“This improvement indicates that hydrodynamic lift and the load 

carrying capacity in bearings or other lubricated components can be 
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increased,” Savio adds. In any case, the scientists agree that sur-

face chemistry has to be re-evaluated as a design element in me-

chanical engineering.  

 

Karlsruhe Institute of Technology (KIT) pools its three core 

tasks of research, higher education, and innovation in a mis-

sion. With about 9,300 employees and 25,000 students, KIT is 

one of the big institutions of research and higher education in 

natural sciences and engineering in Europe.  
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