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Présentateur
Commentaires de présentation
Hello and good afternoon. 
I’m Olivier Machiels from the University of Liege in Belgium and I will talk to you about an experimental research that I have led on Piano Key Weirs or PK Weir
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Piano Key Weir (PKW)

Until four times more efficient 
than a traditional Creager
Reduced basis length which 
permit a direct use on dam crest

Low heads behavior

Complex geometry which induce 
a large set of variable parameters
Lacks of understanding about 
flow conditions 

Présentateur
Commentaires de présentation
A PK weir is a particular shape of weir, proposed by Lempérière in 2001, combining a labyrinth shape and the use of up- and downstream overhangs which permit to decrease the basis length. The PK Weir could thus be placed directly on dam crest.
The first scale model studies realized in different laboratories on demand of Lempérière and Hydrocoop France have permit to show the efficiency of this new type of weir. Indeed, the release capacity of the PK Weir could be four times more important than the release capacity of a traditional Creager.
Other experimental studies have also been led to determine the influence of some geometrical parameters on the efficiency of the PK Weir. However, due to the complexity of the geometry, there is a high number of variable parameters which are not necessary independent. Furthermore, no one of the experimental studies led till now have permit to inprove the understanding of the flow behavior on PK Weir.
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First realizations

Low heads behavior

Experimental knowledge

Scale model study

Realization

Design by extrapolation 
of existing experimental 

results

Efficiency ?

Modification of  the 
geometry following the 
project engineers ideas

Need of efficient design rules based 
on the hydraulic behaviour of PKW

Présentateur
Commentaires de présentation
The first realization of PK Weir have been built during the summer 2006 by EDF on the Goulours dam in France. Using the experience of this first realization, a second PKW have been built by EDF on the St Marc dam during summer 2008 and a third one will be built this summer on the Gloriettes dam.
Till now, the conception of PK Weirs is essentially based on the experimental knowledge. Using existing experimental results, a first geometry is designed by extrapolation of the means geometric parameters. This geometry is tested on scale model to confirm is efficiency. The geometry is than modifying step by step following the ideas of the project engineers till the final geometry which will be built.
There is thus a strong need of fundamental and applied studies on PKW to improve the understanding of the flow behavior on these weirs and to set up efficient design rules.
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Goals and scientific strategy

Low heads behavior

Understanding of the physics Influence of the geometrical parameters

Large scale model Scale models with variable 
geometries

Numerical modeling

To define: 
Interests and limitations
Mean parameters

To define: 
Most important parameters
Influence on release capacity

Physically based analytical
formulations

Design of new structures

Présentateur
Commentaires de présentation
It is the reason why a 4-years experimental study have been initiated since one year at the Laboratory of Structure Hydraulics of the University of Liege.
In a first time, this study aims to improve the understanding of the flow behavior on PK weirs to define clearly his interests but also his limitations. This is achieved by exploitation of a large scale model of PKW in a wide range of discharges.
In a second time, the influence of the mean geometrical parameters will be studied by combining exploitation of numerical and experimental models.
The final goal of this study is than to define analytical formulations of the release capacity which should help to an efficient design of PK Weir.
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Experimental facility

Low heads behavior

Experimental channel

Large scale model

Présentateur
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A 7.2m long square channel has been built in the Laboratory to allow the whole tests programmed. This channel is fed up by two pumps which permit to deliver till 300 l/s in a stilling basin separated of the channel by a synthetic membrane ensuring a uniform alimentation. To permit the observation of the flow patterns, two Plexiglas plates have been posed on both sides of the channel at the location of the model.

The first test period have been carried on a large scale model of PK Weir. 1.5 inlet and 1.5 outlet have been modeled which permit the observation of the flow in the half inlet and the half outlet placed along the Plexiglas wall. This model will be exploited to define the transitions between the different flow patterns and to characterize these patterns in terms of velocity, pressure and water head.
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Release capacity

Low heads behavior
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Présentateur
Commentaires de présentation
During the first test period, the head upstream the weir have been measured with a limnimeter with a precision of 0.5mm and the discharge have been measured with an electromagnetic flowmeter with a precision of 1 l/s. 
Combining this two measurements this non dimensional head / discharge curve have been drawn using the coefficient of the traditional Poleni formulation for weir as ordinate and the report of the head to the height of the weir as abscissa.
This curve is relatively close to the previous experimental results for non dimensional head over 0.15. however, for low heads, the discharge coefficient decrease importantly compared to the Lempérière’s results. This decrease could be explain by the influence of the wall thickness for law heads. Indeed, the Lempérière’s experiments have been carried out on model with a negligible wall thickness using steel plates. For our experiments we have used 2 cm thick PVC plates what provide a crest thickness of 2 cm on the lateral crests and of 2.5 cm on the downstream and upstream crest what is in agreement with the usual concrete thickness of PK weirs walls.
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Low heads behavior

Low heads behavior

H/e < 2.5 H/e > 2.5

Présentateur
Commentaires de présentation
The observation of the flows on this low head permit to highlight the influence of the wall thickness on the shape of the nappe on the lateral crests. Indeed, for head / wall thickness ratio around 2.5, air bubbles appears on the ¾ of the lateral crest what traduce the transition from a depressed to a free nappe.
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Low heads behavior

H/e < 2.5 H/e > 2.5

Présentateur
Commentaires de présentation
The same behavior is observed on the downstream crest for the same head/thickness ratio. The half inlet allows to obtain a clear visualization of the depressed and the free nappes.
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Low heads behavior

H/e < 3.5 H/e > 3.5

Présentateur
Commentaires de présentation
For the upstream crest, the transition is little bit different. Indeed, this time the transition is realized between an attached nappe to a fully aerated nappe for a head/thickness ratio of 3.5. There is thus an important influence of the downstream slope of the outlet. 
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Low heads behavior

Low heads behavior

(Lakshmana Rao 1975)

Présentateur
Commentaires de présentation
Placing these three transitions on the non dimensional head/discharge curve, we can observe that they correspond with maximum of the discharge coefficient before a decrease. This phenomenon have already been observed on sharp crested weir in 1975 by Lakshmana Rao. Indeed, for very low heads, the discharge coefficient increase with the head till the transition from a depressed nappe to a fully aerated nappe.
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Conclusion

Low heads behavior

4‐years experimental study of PKW

To improve the understanding of flows over PKWs (Large scale 
model)

To determine the influence of the mean geometrical 
parameters on the release capacity (scale and numerical 
model)

First results 

Enable to highlight the influence of the crest thickness for low 
heads

Consistent with previous published results for sharp crested 
weirs

Présentateur
Commentaires de présentation
The first part of this 4-years study, aiming to improve the understanding of the flows over PK weirs as well as determine the influence of the mean geometrical parameters, have thus highlights  the influence of the wall thickness for low heads consistently with previous published results for sharp crested weirs.

I’ll thank you for your attention and interest.
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