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Abstract 
Inception of sheet cavitation is known to be a complex phenomenon depending upon the working flow 
conditions, especially on the boundary layer flow and the water quality. Because of this, it seems very 
difficult to simulate the sheet cavity inception by CFD using homogeneous cavitation model. In the 
present study, experimental observation of inception of sheet cavitation from a single free nucleus in a 
two-dimensional convergent-divergent nozzle is conducted under well degassed condition with few 
free nuclei. Then numerical simulation solving the equation of motion of bubble nuclei with Rayleigh-
Plesset equation is conducted to see the effect of slippage of bubble nuclei from liquid flow on their 
trajectories. The flow field obtained by the single phase CFD is used as a background liquid flow. 
Finally, using the obtained bubble slip velocity, the spatial distribution of bubble nuclei density is 
estimated. 
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Introduction 
Inception of sheet cavitation is known to be a complex phenomenon depending upon the working flow conditions. 
Many researches have been devoted to that in external flows around bodies such as hydrofoils and head forms since 
old times (for ex. [1]-[3]). Typically, when the laminar separation bubble is formed leading to the transition to turbulent 
flow, the sheet cavity forms not from the minimum pressure point but from the downstream separation bubble even 
though the pressure there is apparently larger than the minimum pressure [4]. This fact indicates that the behavior of 
free bubble nuclei is important for the formation of sheet cavity; it is necessary to have nuclei at the incipient point in 
sufficient time duration, but the nuclei seem to hardly approach to the minimum pressure point or hardly stay there 
sufficient time for their substantial growth.  

The objective of this study is to understand nuclei behaviors in the process of sheet cavitation inception. The 
visual observation for free bubble nuclei near the throat wall of a two-dimensional convergent-divergent nozzle is 
conducted. Degassed water is used as working fluid. The general mechanism of attached sheet cavitation is briefly 
discussed. Then, numerical simulation tracking the motion of bubble nuclei in the liquid flow obtained by CFD is 
conducted to make clear the effect of slippage between bubble nuclei and liquid flow on their trajectories. The effect 
of the bubble growth is also investigated by solving Rayleigh-Plesset equation along with the equation of motion. 
Finally, the possible spatial distribution of bubble nuclei density is estimated by considering the conservation of bubble 
nuclei density with the above obtained bubble slip velocity. 

Experimental observation 
Observations of sheet cavitation inception from free bubble nuclei is conducted in a two-dimensional convergent-
divergent nozzle as shown in Figure 1 [5]. The size of test section is rather small, 20mm x 20mm, and the throat height 
is ℎ=10mm. The maximum velocity at the nozzle throat is 𝑈𝑈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =10m/s, resulting in the maximum Reynolds 
number is about 105.  In order to observe the behavior of individual nucleus, it is important to reduce the nuclei density 
in the liquid.  Therefore, multi-layered membrane filter with nominal pore diameter of 1m is installed in the test 
tunnel and the sufficient deaeration is carried out to reduce the dissolved gas content in water. The behaviors of nuclei 
are observed at the throat by a high-speed camera, from which the inception process is discussed. 

 
Figure 1 Dimensions of test nozzle. Flow direction is from left to right. Width is 20mm. 
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