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Skimming flow over a stepped spillway is characterized by strong self-aeration
downstream of the point of inception of air entrainment. Such phenomenon may bring
some positive effects such as the mitigation of the risk of cavitation damage, as well as the
increase of the oxygen exchange rate between water and atmosphere. However, the flow
resistance and energy dissipation are reduced with increasing air entrainment, whereas
flow bulking increases. This is particularly important on RCC dam spillways.

An experimental study has been carried out in a large-scale stepped chute assembled at
the National Laboratory of Civil, Lisbon, in order to collect new air concentration data in
steeply sloping skimming flows. The stepped chute is I m wide, 3.74 m long, and its slope
is 1V:0.75H (Figure 1). For the work reported in the present paper, two geometric
configurations were analysed, respectively with 0.04 and 0.02 m high steps in the constant
slope. The air concentration and velocity were measured with a conductivity probe and a
backflushing Pitot tube, developed and calibrated by the U.S. Bureau of Reclamation
(Matos and Frizell, 2000).

In the present paper it is shown that the air concentration distribution in both rapidly and
gradually varied skimming flow regions can be modeled fairly well with the analytical
models developed for self-aerated flow, namely by Wood (1991) and by Chanson (1997).
Further it is shown that Wood’s (1991) model for predicting the development of the mean
air concentration in self-acrated flow on smooth spillways was found to be applicable in
skimming flow over stepped chutes downstream of the point of inception, namely for
small relative step roughness (Figure 2). The results obtained in the present study are also
in agreement with the findings of Matos (1999), as well as by Chanson (2002), in the
gradually air-water varied flow region down the LNEC stepped chute.
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Fig. | Stepped chute assembled at LNEC: (a) Q. 140 1/s, h=0.02 m; (b)
Q. =200Vs, h=0.02 m.
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Fig. 2 Mean air concentration down the chute. Comparison of Wood's (1991) model, for u,
= (.4 m/s, against experimental data at the LNEC chute: (a) Q = 140 I/s, h = 0.02 m;
(b) Q=200 V/s, h=0.02 m.
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