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Abstract

Introduction: Spillways are simple and widely used hydraulic structures in water transfer,
irrigation, and drainage systems. They are used in dams to pass excess water caused by
floods and control the reservoir water level, as well as in irrigation and drainage canals to
regulate the water level and measure the flow rate. Piano key weirs are the type of nonlinear
weirs, which increase the discharge capacity up to 3-4 times the linear weirs. In this paper,
results of experiments on rectangular piano key weirs with horizontal and partially sloped
lateral crests are presented. The discharge and discharge coefficient for these experiments
were analyzed and empirical models/equations were developed for the estimation of
discharge coefficient.

Methodology: This study aims to examine effects of the partially sloped lateral crests to
improve the estimation of discharge coefficient of the piano key weir. The experiments were
carried out in a flume at the Tarbiat Modares University. The dimensionless equation for
discharge coefficient was obtained by using the dimensional analysis. The discharge was
measured by a flowmeter and depths of flow were measured by using digital point gauges.
The range of discharges was from 55 L/s to 180 L/s; with steps of 5 L/s. Piano key weirs were
located at a distance of 4 m from the flume entrance. Piano key weirs with similar ratio of
weir width to weir length (W/B = 2/3) were used. Two types of piano key weir were used:
one with horizontal crest and the other one with partially sloped lateral crests.

Results: For the weir with horizontal crest, when the total head H: < 8 cm, flow nappe
attached to the downstream walls of the weir. For the interval of 8 cm < H: < 12 ¢m, with the
increase of water head, the partial air entrainment beneath the nappe was observed with
oscillating water surface. At higher values of the total head (H: > 12 cm), the thickness of
nappe increased with more air entrainment. In this condition, the nappe experienced more
fluctuations. The variations of discharge versus total head were depicted for the weirs with
horizontal crest and with partially sloped lateral crests. It was shown that the upstream head
of the weir with partially sloped lateral crests has increased by an average of 8% compared to
the weir with horizontal crest.

Equation 5 was used to calculate the discharge coefficient. Figure 6 compares the discharge
coefficient of the two weirs. According to this figure and Table 2, the discharge coefficient
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has increased by 6.7% in the weir with partially sloped lateral crests compared to the weir
with horizontal crest. Moreover, it was found that (Figure 7) the efficiency of weir with
partially sloped lateral crests increased by 7%, compared to the weir with horizontal crest.
New equations were obtained for discharge confident of weir with horizontal crest and weir
with partially sloped lateral crests.

Conclusion: The partially sloped lateral crests of rectangular piano key weir increases the
upstream head. The efficiency of the weir with partially sloped lateral crests increased by
7%. The discharge coefficient in the partially sloped lateral crests increases by 6.7%.
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Fig. 1 PKW schematic: a) plan, b) with partially sloped
crest and c) with horizontal crest
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