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Abstract

One of the most significant effects of climate change is the occurrence of sudden or flash floods. Since
maintaining the safety of dams during floods is essential, the presence of suitable spillways in dams is
undeniable. Spillways are responsible for transferring water from the dam reservoir downstream. Among
the existing spillways, the piano key weir, a typical long-crested weir, represents an advanced type of
labyrinth weir. The aim of the present study is to investigate the discharge capacity of the piano key weir
and compare it with the discharge capacity of the ogee spillway and the sharp-crested weir.
Experiments

Experiments were conducted using a piano key weir in the hydraulic laboratory of the Faculty of Civil
and Environmental Engineering at Tarbiat Modares University in Tehran. The experiments covered
various discharges and flow depths. A rectangular piano key spillway was installed and sealed at a
distance of 4 meters from the beginning of the flume, where minimal flow disturbance is observed. The
desired discharge, controlled by a panel that operates by changing the speed of the pump, was measured.
The flow depth was measured using a point gauge with an accuracy of £0.1 mm. The experiments
covered discharges ranging from 50 liters per second to 180 liters per second in 5-liter per second
increments. To measure the effective length of the spillway crest, a ruler with an accuracy of £1 mm was
used in each experiment. The specifications of the piano key weir are presented in Table 1. All the
experiments were conducted under free flow conditions. The discharge coefficients for the rectangular
piano key weir were obtained based on the measured discharges and flow depths. The discharge of the
ogee spillway and the sharp-crested weir was estimated using conventional weir equations.

Results

The variations of discharge versus total upstream head showed an almost linear increasing trend of
discharge with the total head. At Ht/P = 0.28, the discharge through the rectangular piano key is almost
4 times the discharge of the ogee spillway. With an increase in the total head on the piano key spillway,
the relative energy dissipation decreases. The obtained discharge coefficients for the rectangular piano
key weir varied between 0.3 and 0.55. The average discharge coefficient for this weir was 0.4. The
average discharge of the piano key weir is about 2.5 times that of the ogee spillway and about 3 to 5
times that of the sharp-crested weir. The average energy dissipation of the piano key weir is about 0.3.
A relationship for the relative energy dissipation in the piano key spillway was derived. New equations
for relative discharge of the piano key weir to the sharp-crested weir and that to the ogee spillway were
obtained. According to the results, the piano key weir performs better than the ogee spillway and the
sharp-crested weir. Therefore, in circumstances where the design discharge of the dams has increased,
the piano key weir is a better alternative than the ogee spillway due to its higher efficiency.

Keywords: Ogee spillway, Sharp-crest weir, Piano key weir, Discharge coefficient.
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