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Cavitation damage often occurs in hydraulic structures, such as tunnels and spillways,
as the high-speed fluid flows through. In engineering practice we can take some
appropriate measures to reduce and avoid cavitation damage. One of the measures is to
control the surface irregularities in structures. Previous experimental studies show that the
cavitation number is related to the surface irregularity of structures. Therefore, some
investigators proposed the demand of surface irregularity or the limit to the discharge per
unit width of flow. In construction of hydraulic structures, however, it is impossible and
uneconomic to build the concrete surface as smooth as a mirror surface. On the other hand,
if we can compute the incipient cavitation number C, of surface irregularity and control C,
during constructing so that it is smaller than cavitation number of flow, then the cavitation
damage can be reduced and avoided during the operation.

The incipient cavitation number of surface irregularities has been studied numerically
(Hsu and Ouyang, 1963, Guo and Wen (1993) and experimentally (Zhou et al, 1984). Over
the last two or three decades, numerical models have been increasingly used to simulate
the fluid flow due to the advantage of cheap, non-intruded the flow domain,
transportability and scaling (Falconer and Lin, 2005). In this study we will use a CFD
software package — FLUENT (2000), to carry out some modelling calculations for flow
around surface irregularities in a pressure conduit. FLUENT is a powerful CFD package
and has been widely used to simulate the complex fluid flow, heat transfer and chemical
reaction (Karim and Ali, 2000). The problem in question is sketched in Figure 1. The
incipient cavitation number C, is defined as (for small irregularities &/H << I):
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where p, and U are the undisturbed pressure and velocity far upstream of the irregularity,
respectively, p and v are the pressure and velocity on the irregularity. For other symbols
refer Fig 1.

Different shapes and sizes of irregularities are tested against the various flow conditions
in order to verify the effectiveness and suitability of FLUENT in simulating such fluid
flow. The modelling results are (i) velocity distribution around the irregularities, (ii)
pressure distribution, and (iii) incipient cavitation number C, of irregularities. Figure 2 is a
typical example of the comparison between the numerical modelling results and
experimental data of incipient cavitation number. It is seen that the simulated results are in
good agreement with the available experimental data.
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Fig. 1 sketch of the flow around the surface irregularity

Fig. 2 Comparison of computed and experimental incipient cavitation
number on an arc irregularity
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