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parameters
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Table 1. Geometric properties of the laboratory model used for verification
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Table 2. Select the number of mesh cells for the numerical Fig. 2. Three-dimenscce)ﬂ?ilcgetziczmetry of weir used for

model
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Fig. 15. Contours of pressure, speed and distribution of flow lines for weirs: a) PKW (wpw) and b)
PKW(hpw)

23 23 3 dde an a5 aS s Ly o ki oS 1O S
Lt gl el &) Wl oS 2 Q=r/0) (634,5 3,0
e ol Cg=2/10 6‘@‘};‘,.»\(..3.‘ .L.vC,.&.l jcdz'/-\i
Sasdaa s, Shee s ey J.:.,Ug}\.o& ol slade s
a5 ST o Slie 50351 b Sl 52
B g S35 Sl SASS & At Ok 5 bty
)‘bl—n}ﬁ‘ L;"j;lﬁ.)\_zls J'.’.)j—"“ Ct; 4.' bL\..!dl:- J\ﬁ.} QJJJB‘ -
oealS am Dy g a3 gdees pl s QTCEMQJJ‘YL el
U_l‘ b}-‘;'wdﬂ‘))—"“ e‘)L_wébbJJ)JL.gleJ g)tf_JP- &;ij
sl slonl Jlaxsl a8 55 5 0 ol Sy JalS
Sl Sk oo b Ol izen 5 4Bl ialS (S5 5
Dlses 05938 camet s AL aldls 5w lalS ) e

s e Sasde 3 Sas 25 Sl ool

References -0

[1] Vischer, D. L. and Hager, W. H. 1998. Dam
hydraulics. Wiley, Switzerland.

[2] Leite Ribeiro, M., Bieri, M., Boillat, J. L., Schleiss,
A. J., Delorme, F. and Laugier, F. 2009. Hydraulic

8u

@l s caSe e /000 < Q S0/ Sladles oL 5 -
slagl Jsi b oblosl g sl d S lage) e o 2
o Gl (IT e b o ey e 5 (5 gy B
S0 o Gl Lol Sl 25 IS L ) e
3 Ssmn g AL Glag ) e ST s 83505
Ssta malS e g Ll Wy, WS Ty et
AT s o 26 IS L s 03 Sy S e
5 aeS 48 Gl S Ay S e 3l 63k sl DS L
3osmn o3 gdmme 53 Wy ) (5 IKT o e i
5 CohnmrTA et 25 S L 35 510
(Codmax=*/V¥ 5 (Codmin="/0 (=2 £L « (Ca)ma= +/1t
o=l s el (Cadmas= 1/ W\ 5 (Cdmin= *70) &ds CU B
S L s AT b b g Sl sz 0L

el s s e
35y Lol sl O 035381 O 2 oS slada o -
3 25 Sl o Sl ddS e STk 3 Ses
oty Gl e AT e b S i sl

ma ol 3 gy Aoty Coslite s gla S LSl



\YaA JL..«/f. A)La.i/v.hé_}j)e)}é

weir hydraulic performance. Fifth Conference on
Water Resources Management, Tehran (In Persian).
[12] Safarzadeh, A. and Noroozi, B. 2013b. Numerical
investigation of the effect of geometry shape of bundle
on hydrodynamics of piano-key weir. Eighth National
Congress on Civil Engineering, Faculty of Civil
Engineering, Babol (In Persian).

[13] Safarzadeh, A. and Noroozi, B. 2014. Three-
dimensional hydrodynamics of curvilinear piano-key
weirs in the plan. J. Hydraulic, 9(3), 61-79. (In
Persian).

[14] Afzalian, A. R. 2014. Investigating hydraulic
properties of PKW weirs under different base and
lateral crest geometries. MSc. Thesis, Shahid Chamran
University of Ahwaz (In Persian).

[15] Roushangar, K., Alami, M.T., Shiri, J. and Majedi
Asl, M. 2018. Evaluation of the effect of changing the
cycle arc angle on discharge coefficient of arced
labyrinth and arced piano key weirs. Iranian Journal of
Soil and Water Research, 49(2), 341-351.(In Persian).
[16] Al-Baghdadi, M.B.N. and Khassaf, S.I. 2018.
Evaluation of crest length effect on piano key weir
discharge coefficient. International Journal of Energy
and Environment, 9(5), 473-480.

[17] Anderson, R. M. 2011. Piano-key weir head
discharge relationships. MSc. Thesis, Department of
Hydraulic Structures, Utah State University, Logan,
Utah, USA.

8l

oot Ol jes wdige lagh — ode doee

capacity improvement of existing spillways- Design of
piano key weirs. Proceedings of 23" Congress of
CIGB/ICOLD, Brasilia.

[3] Lempériere, F. and Ouamane, A. 2003. The piano
keys weir: A new cost-effective solution for spillways.
Int. J. Hydropower Dams, 10(5), 144-149.

[4] Laugier, F., Lochu, A., Gille, C., Leite Ribeiro, M.
and Boillat, J. L. 2009. Design and construction of a
labyrinth PKW spillway at St-Marc Dam, France. Int.
J. Hydropower Dams, 15(5), 100-107.

[5] Anderson, R. M. and Tullis, B. 2011. Influence of
piano-key weir geometry on discharge. Proc. Intl.
Conf. Labyrinth and Piano Key Weirs, Liége, Belgium.
[6] Crookston, B. M. and Tullis, B. P. 2012. Discharge
efficiency of reservoir-application-specific labyrinth
weirs. ASCE, J. Hyd. Eng., 138(6), 564-568.

[7]1 Machiels, O. 2012. Experimental study of the
hydraulic behavior of piano key weirs. PhD Thesis,
University of Liége, Belgium.

[8] Christensen, N. A. 2013. Flow characteristics of
arced labyrinth weirs. MSc. Thesis, Utah State
University, Logan, Utah, USA.

[9] Machiels, O., Erpicum, S., Archambeau, P.,
Dewals, B. and Pirotton, M. 2013. Parapet wall effect
on piano key weir efficiency. J. Irrig. Drain. Eng.,
139(6), 506-511.

[10] Anderson, R. M. and Tullis, B. 2013. Piano-key
weir hydraulics and labyrinth weir comparison. J. Irrig.
Drain. Eng., 139(3), 246-253.

[11] Safarzadeh, A. and Noroozi, B. 2013a. Numerical
investigation of the effect of parapet wall on piano key



Modares Civil Engineering Journal (M.C.E.J) Vol.19, No.4, Oct. 2019

Improvement of Hydraulic Performance of Nonlinear Piano-key
Weirs in Plan

A.Rezaei Ahvanooei', S.F.Mousavi 2", H.Karami

1 - MSc., Department of Water Engineering and Hydraulic Structures, Faculty of Civil Engineering, Semnan
University.
2* - Professor, Department of Water Engineering and Hydraulic Structures, Faculty of Civil Engineering, Semnan
University. Email: (fmousavi@semnan.ac.ir)
3 - Assistant Professor, Department of Water Engineering and Hydraulic Structures, Faculty of Civil Engineering,
Semnan University.

Abstract:

Weirs are structures used to measure discharge and flow control in canals and dams. Economically, a
significant part of the cost of building a dam is due to weirs. By investigating different types of weirs,
researchers have concluded that the piano-key weirs have two major advantages over other weirs. One of the
most important advantages of a piano-key weir is that this kind of weir needs less space to run and can have
smaller dimensions. Another important advantage of this type of weir is the ability to transmit more water
than other weirs, which can safely protect the dam. A review of previous studies suggests that some studies
have been carried out in the field of piano-key weirs. But, there are not sufficient studies on the performance
of these types of weirs in curved plans as well as their hydraulic performance improvement factors. The main
objective of the present research is to investigate the factors that can improve the performance of curvilinear
piano-key and increase their hydraulic efficiency. In order to verify the results of the numerical model, the
Anderson (2011) laboratory model has been used. Numerical modeling has been done for 5 inflow
discharges in FLOW3D software. In order to quantitatively compare the results of the numerical model with
laboratory values, some error criteria including R?, MAE and RMSE have been used. The values of these
parameters were 0.9985, 0.00804 and 0.009521, respectively. Results showed that numerical model has
acceptable adaptation to experimental results. In the next part of the paper, factors that can be effective in
increasing the discharge capacity of the curvilinear piano-key weirs are investigated and analyzed based on
the discharge coefficient curves and contours. In the first step, effect of crown shape on weir hydraulic
performance was investigated and for this purpose three curvilinear piano-key weir models with rectangular,
triangular and elliptical shapes were designed. Results showed that the weir with triangular crown had up to
60% higher discharge coefficient than the elliptical-crown weir and up to 65% more than the rectangular-
crown weir. According to the general pattern of flow, in weirs with rectangular and elliptical crowns, the
flowing flow clinging to trunk weir is discharged to downstream, while in weir with triangular crown,
adhesion among flow and trunk of the weir is decreased. This factor increases discharge capacity of the weir
with triangular crown in comparison to the other two weir types. In the next section, effect of existence or
absence, as well as the geometric shape of the bundle, on the performance of these types of weirs was
investigated. For this purpose, three weir models with cubic rectangular, half-cylindrical and prism bundles
were designed and compared with a weir without bundle. Results showed that the bundle improved hydraulic
performance of the weir. Also, for all the studied range of hydraulic heads, weir with half-cylindrical bundle
had higher discharge capacity than the other weirs. The reason is that in the weir with half-cylindrical
bundle, the sudden change in the angle of flow lines before collision with the bundle occurred further away
from the end of the bundle, which caused flow entrance with less disturbance to the weir keys. Finally, the
impact of a parapet wall on the weir operation was investigated. A 1.3 cm high parapet wall was added to the
weir crown. Results showed that addition of the parapet wall increased the water level in the weir crown area
and resulted in decreasing the velocity of approaching flow to the weir structure. Reduction of the velocity
decreases the possibility of flow blockage and the flow has more time to run away from the weir keys. The
set of these factors cause the weir with parapet wall to have higher discharge capacity than weir without the
parapet wall.

Keywords: Nonlinear piano-key weir, Crest shape, Bundle, Parapet wall, Numerical modeling.
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