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Abstract

Introduction: Piano Key Weir (PKW) is the newest type of nonlinear Labyrinth Weirs (LWs).
An initial study on this weir has indicated that it can significantly increase the discharge
besides having a simple and economical structure. During the past years, different researches
have been done to check the factors effecting the flow discharge and optimization of this
type of weir. However, there are limited references on the ventilation mechanism and
aeration of this weir at the outlet. Only solution that has been presented for aeration at the
outlet is aeration gallery at the downstream part. Another problem that has been discussed
for PKWs and weir overflows is nappe oscillation after the flow crosses the weir crest. The
past studies have considered the use of a splitter for reducing nappe oscillations in linear
weirs. Bing inspired by this method, researchers have used three piers with different circular,
square, and rectangular geometries in PKWs to reduce Nappe oscillation.

Methodology: All the experiments of this research were performed in a rectangular channel
with a metal floor with a width of 75 cm and unbreakable glass walls with a height of 80 cm
in the hydraulic laboratory of the Department of Water Engineering and Hydraulic
Structures in Tarbiat Modares University, Tehran. The water flow from the underground
tank entered the flow-calming tank by two pumps with a maximum discharge of 85 L/s,
reached the weirs after passing through the calming plates, and fell into the underground
tank after passing over the weirs at the end of the flume. This cycle continued during various
tests under different hydraulic conditions. The discharge flow was measured with an
ultrasonic flowmeter with an accuracy of 0.01 I/s after being pumped and before entering the
calming tank. All the experiments were performed under the free flow conditions. The
upstream flow depth was measured with a point gauge with an accuracy of +1 mm. This
depth gauge was moved through the rails mounted on the walls of the channel so that the
water depth could be measured at the desired points. 3 A-type PKWs with different
rectangular, triangular, and trapezoidal designs were used in the plan. Three splitters with
circular, square, and rectangular cross-section geometries were installed on the weir crowns
and in the downstream corners of the weir keys.

Results and Discussion: The results showed that the splitters could reduce the nappe
oscillation intensity of the flow passing through them in addition to separating the flow and
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creating a space for the connection of the free surface air with the lower part of the outflow
from the weirs. The use of the splitters did not have a negative effect on the flow discharge in
the rectangular and trapezoidal PKWs; they only reduced the discharge flow by 10% in the
triangular PKW.

The square and rectangular splitters showed similar performances on water discharge and
separation. The flow separation in the rectangular splitter was evaluated to have a higher
effect compared to that on a square base. Also, these two splitters displayed more suitable
effects on the flow separation compared to the circular splitter.

The comparison of the discharge coefficients of the 3 mentioned types of weirs revealed that
the discharge coefficients in the rectangular and trapezoidal PKWs had higher values than
that of the triangular PKW at —£ < 0.2,, which was due to more flow suctions in the heads of
the two former weirs as Vacuum was created below their inlet keys. By i mcreasmg —up to
0.4, the difference between the discharge coefficient values of the rectangular and trapezmdal
PKWs and that of the triangular PKW gradually decreased to the point that the discharge
coefficient Value of the triangular PKW had increased compared to those of the two former
PKWs after 2% > 0.4, one of the main reasons of which could be the ventilation performance
of the triangular type of PKW.

Conclusion: Regarding the increasing use of PKWs due to their advantages and the need for
improving downstream performance via aeration, this study aimed to provide an
economical solution by using a splitter instead of an aeration gallery, which could ameliorate
the downstream ventilation of PKWs. To this goal, the effects of a splitter with different
circular, square, and rectangular sections on the flow discharges of A-type PKWs with 3
rectangular, triangular, and trapezoidal designs in the plan were studied. The obtained
results could be summarized as follows: With the total head of smaller than 0.08 m, the
rectangular PKW had a smaller head of about 5 and 15% compared to those of the
trapezoidal and triangular PKWs at a constant discharge, respectively. Nonetheless, with the
total head of larger than 0.08 m, the trapezoidal PKW had a smaller head of averagely 5 and

8% in comparison with those of the rectangular and triangular PKWs at a constant discharge,
respectlvely The splitters showed the best performance in terms of flow separation in the
case of 7 < 0.6. While this performance was affected by the high water flow in the case of
F > 0.6 so that the connection of the bottom water flow with the open air was reduced by
increasing the discharge. Thus, it was not possible to ensure the complete connection of the
open air with the downstream parts and the outlets of the PKWs. Regarding the geometric
shape of the splitter, the square and rectangular splitters depicted similar performances in
flow discharge and separation. Yet, the rectangular splitter was evaluated to provide a better
flow separation compared to the square splitter. Furthermore, the geometries of these two
splitters were more suitable for flow separation in comparison with that of the circular
splitter.

Keywords: discharge coefficient, Piano Key Weir (PKW), Nappe oscillation, splitter, free
flow.
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Fig. 1 Aeration gallery in the piano key weir of: (a)
Goulours dam and (b) Saint Mark dam
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Fig. 2 Schematic diagram: (a) Free flow in piano key weir
and (b) geometric parameters of piano key weir
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Fig. 7 Ventilation steps of triangular piano key weir
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