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Abstract 

Occurrence of tip vortex cavitation (TVC) is a common problem in axial hydraulic machines. The 
behavior of this type of cavitation is so sensitive to variations in the flow parameters and the gas content 
level of water. Regarding this, we have investigated TVC generated by an elliptical hydrofoil with 
NACA-16020 cross-section in the high-speed cavitation tunnel of EPFL. We measured the cavitation 
incipience and desinence thresholds for different flow conditions as well as various gas content levels 
of between 50 and 100 % oxygen saturation at 18 °C. We observed that the disappearance threshold of 
TVC increases with the gas content level, which is an indication of the fact that once the cavitation 
develops in the tip vortex, the dissolved gas in the surrounding supersaturated liquid diffuses into the 
cavity. Moreover, we found that the extent to which the desinence is delayed depends on the incidence 
angle and the upstream flow velocity; the parameters that determine the characteristics of the boundary 
layer on the hydrofoil. According to the flow visualization results, we argue that this gaseous cavitation 
is enhanced when a laminar separation bubble is formed on the suction side of the hydrofoil.  
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Introduction 
 
The rotational motion of the fluid around the axis of tip vortices may result in very low static pressures in the core of 
these vortices, which makes them extremely vulnerable to the inception of cavitation. Occurrence of tip vortex 
cavitation (TVC) in axial turbines, pumps and marine propellers can lead to a severe erosion of the impeller blades 
and the stationary parts of the machine, with a significant increase in maintenance costs. In most of the cases, TVC is 
the first type of cavitation that appears in the machine [1, 2, 3, 4] and results in extensive noise emissions and structural 
vibrations [5]. McCormick [6] investigated the role of the boundary layer on TVC and stated that the size of the 
viscous core of a tip vortex scales with the boundary layer thickness on the pressure side of hydrofoils. Different 
authors [7, 8, 9] later proposed the following correlation for the cavitation inception number: 𝛔𝛔𝛔𝛔𝐢𝐢𝐢𝐢 = 𝐊𝐊𝐊𝐊𝐊𝐊𝐊𝐊𝐋𝐋𝐋𝐋𝟐𝟐𝟐𝟐𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐦𝐦𝐦𝐦, where 
CL and Re are the lift coefficient and Reynolds number, respectively, and K and m are empirical constants. Besides 
the flow parameters, it is known that the gas content of water also plays a major role in the cavitation inception. Arndt 
and Maines [10] introduced the terms ‘‘weak’’ and ‘‘strong’’ water depending on the size and distribution of nuclei 
in water. They showed that in weak water with enough large nuclei, cavitation incepts when the pressure in the core 
of the tip vortex reaches the vapor pressure, however, strong water with fewer and/or smaller nuclei could resist 
significant tensions. Despite the efforts dealing with the inception of TVC, little attention was paid to its desinence. 
Holl et al. [11] demonstrated that hub vortex cavitation disappears at higher pressures when the gas content of water 
is increased. Recently, Groß et al. [12] examined the effect of gas content on the nucleation rate from a single nucleus 
trapped in a small hole. They demonstrated that the nucleation site does not disappear and permanently produces tiny 
bubbles as long as the flow is supersaturated. They have found that the nucleation rate from the wall-bounded nucleus 
is proportional to the velocity and the supersaturation degree of the freestream. In the present study, we address the 
role of the dissolved gas content in TVC for a variety of flow conditions. With this aim, the behavior of TVC is 
experimentally investigated in a simplified case study to determine how different flow conditions and gas content 
levels affect the TVC inception and desinence. The experimental methods and the corresponding results are presented 
in the following.  
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Conclusion  
 
We experimentally investigated the cavitation incipience and desinence within a tip vortex, developed by an elliptical 
hydrofoil, in a wide range of flow parameters and gas content levels. Our observations confirm the hysteresis between 
cavitation incipience and desinence thresholds. Besides the gas content, we have found that this phenomenon is also 
dependent on flow parameters, peaking at ~12° incidence angle and 10 m/s upstream velocity. We argue that once a 
TVC is developed, the excessive gas within the supersaturated water diffuses into the cavity and sustains cavitation at 
pressure levels as high as atmospheric pressure. The combination of the flow visualizations and inception/desinence 
measurements indicates that a laminar separation near the hydrofoil tip likely enhances this outgassing process. Further 
research is underway to distinguish between vapor cavitation and gaseous cavitation, compare their consequences and 
ultimately define relevant criteria for cavitation tests of hydraulic machines at reduced scale. 
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