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Abstract: For sudden expansion pipes, experiments were carried out to study the cavitation inception for various enlargement ratios 
in high speed flows. The flow velocity of the prototype reaches 50 m/s in laboratory. The relationship between the expansion ratio 
and the incipient cavitation number is obtained. The scale and velocity effects are revealed. It is shown that Keller’s revised formula 
should be modified to calculate the incipient cavitation number when the forecasted velocity of the flows in the prototype exceeds the 
experimental velocity.  
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Introduction 

In liquid flows, cavitation generally occurs if the 
pressure in certain locations drops below the vapor 
pressure and consequently the negative pressures are 
relieved by forming cavities filled with gas and vapor. 
Cavitation can be observed in a wide variety of hydra- 
ulic projects[1,2], and it is well known that cavitation 
flow is usually related with a lot of unpleasant results. 
In the area of hydropower engineering and hydro- 
machine, studies were carried out to understand the 
essence of cavitation with the aim to treat it reason- 
ably and properly[3,4].

In these studies, the most important issue is the 
incipient cavitation, because when the cavitation 
number of the flow is less than the incipient cavitation 
number, the flow will become the cavitation flow with 
various unexpected damages. The incipient cavitation 
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occurs within the region of the separated flow, and the 
point of the laminar separation and the leading edge of 
the cavity are closely correlated. Keller[5-7] obtained 
an experiential but very useful formula for the cavita- 
tion inception and pointed out the influence of the 
scale of velocity. Ni[8] also proposed a similar formula 
based on the air bubble dynamics and pointed out that 
there exists the effect of the scale and the velocity for 
the cavitation inception. Yang[9,10] obtained similar 
results from a series of tests. All these studies show 
that the scale effect exists and should not be ignored. 
However, the general methods to study the incipient 
cavitation number are mainly by the means of experi- 
ments in water tunnel or in depression tank, and thus 
the scale effect needs to be properly included to 
predict the flow behavior in prototype projects. Dong 
et al.[11] investigated the aerated behaviors in the 
cavitation region of high velocity flows through the 
non-circulating water tunnel by using the advanced 
experimental facilities, they proposed relations 
between the smallest air concentration without the 
cavitation erosion and the flow velocity and compared 
the cavitation numbers with and without aeration in 
the cavitation region. Han et al.[12] studied the cavita- 
tion structures of semi-cylindrical irregularity by 
using high speed photography, and revealed the cavi- 
tation structures of semi-cylindrical irregularity and 
the interaction between aeration bubbles and 


