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Abstract

Introduction: Weirs or spillways are among of the most important types of hydraulic
structures that are divided into the linear and nonlinear weir categories based on their plan
shape. The most important types of nonlinear wires are labyrinth wires and piano key weirs
that increase the discharge of flow by increasing the length of the spillway crown. These
types of weirs are usually made outside the dam body. The most important advantages of
these weirs is high flow coefficient, speed in construction and economic efficiency. These
weirs are one of the most suitable options for dam weir implementation in free-flow mode.
Floods, snow melting, performance changes of hydraulic structures and many other
unsteady flow factors are observed abundantly in nature. Therefore, in this study, the
discharge coefficient of piano key weirs under the unsteady-gradual varied flow with
increasing discharge has been evaluated. Also, in this research, the calibration of discharge
coefficient due to changes in the weir height and the effect of weir height changes on the
discharge coefficient and other effective hydraulic parameters in the upstream of the
spillway under the unsteady-gradual varied flow with increasing discharge has been
investigated.

Methodology: The experiments were carried out in a rectangular channel of Islamic Azad
University, Isfahan University (Khorasgan) with a length of 10 meters and a width of 0.6
meters. The height of the channel was the same and unchanged along the way, as well as its
floor was made of galvanized sheets and its walls were made of tempered glass and
completely sealed. Considering the relationships and previous studies and dimensional
analysis, the effect of effective parameters on the flow discharge coefficient was investigated.
In the current research, three types of A-type rectangular piano key weir with variable
heights of 10, 15 and 20 cm were used. Other geometrical parameters were constant and
experiments done under the unsteady-gradual varied flow with increasing discharge in the
flow range of 30 to 50 Lit/s. The experiments has been studied under the range of discharge
changes of 5,3 and 1 litter per second and range of time changes of 5,10 and 15 seconds.
Therefore, according to the said contents, 27 different modes have been analysed in this
thesis. Flow depth was reported by laser altimeter sensors at the top of the channel. PLC
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device was used to measure discharge and water head at different times. A magnetic flow
meter is attached to the PLC device, which measures the discharge in liters per second and
the height of water from the channel floor by sensors installed in millimeters.

Results and Discussion: Discharge coefficient under the unsteady-gradual varied flow with
increasing discharge was obtained by deriving from the relationship provided. Considering
that the dc/dt value is not known, the relationships of past researchers for the flow discharge
coefficient of type A rectangular piano key weir presented. And comparing the percentage of
error in each relationship was done. Finally, it was concluded that the available relationship
in the literature had a lower error percentage. It was also derived from this relationship
relative to time, until determine the dc/dt value. Then, according to the experimental data
and weir specifications of the discharge coefficient under the unsteady-gradual varied flow
with increasing discharge, it was obtained. The results showed that with increasing the weir
height, the slope of the discharge charts and the height of the water decreased and the slope
of the head-discharge diagrams increased. With increasing the height of the weir, the
discharge coefficient increased and in contrast to the Froude number and the ratio of water
height to the height of the weir decreased. As a result, the height of the weir is directly
related to the discharge coefficient and is in contrast to the Froude number and the height of
the water at the inlet and upstream of the weir. According to the results obtained in the
unsteady-gradual varied flow with increasing discharge that led to the calibration of the
flow, it was found that the calibrated discharge coefficient (average) in three weirs with
heights of 10, 15 and 20 cm is a number between 1.693 and 3.776.

Conclusion: By comparing three type A piano key weirs, it was found that the weir with a
height of 20 cm is more efficient than the weir with heights of 10 and 15 cm according to the
higher discharge coefficient. It can also be stated that the higher height weir is much more
applicable in floods and high flow discharges and better diverts the flow. In fact, all the
results indicate that the height of the weir plays an important role in the amount of the flow
coefficient of the piano key weir. And by increasing it, the efficiency of the flow discharge
can be increased.
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Table 1 Geometric characteristics of the studied piano key Weirs
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0 w2 =2) Cpie Q%ﬁT Cowody lp Vb abayl) & az g
an 5l (o e bl by ogils adS e
dQ dH . de  dQ dH .

23 9 ar Ol 2l seg 9 o e o sl
Q-t ola,logas pusy by g calStylosl ledol 51 onlicd
)y A 4ol )ei—i O9,9] Cwsay gl el
s Uas 0oy o yiaS Ly ally Sl 5 asls Lyl

NN PR W ES VIO ASUI N [ ol o

dc . . . .z
T Ol s rS e Sln e plo &S S les
SlS slog ) e Sl slabaly 358 4 az g5 bl s
3 09290 sbaatul, 5l (cails pud Ll 5 )3 ol
Elbin o ad 488 Fie olo) ca p (o3l Ll 0
3 gl o A ggs (i (gils 3 ) e
S L akaly o suog laisl s p) 0 as b okl
g g0 013
&lp (V) alasl, 5| Kabiri-Samani and Javaheri (2012)
a5 oolial sl a5 s sl b 5 0 L)
OS5y (0 2 dilne gl 1y (F) ka5
27 Gy Sl ST by Lulyd jo sl
ASZLYID YOIV V<o I8 bayly s (sl 5

A33,5 slgaig YCM <h 4 < /¥Y< W <V/YY
C,= O.212(%)—0.675(%)0.377(%)0.426(%)0.306(6)([3(1.504(

29)+0,093(21)))+0.606 (6)

Jsiz 50 ead l) slagliee 4 az g b (alesl ool 5o
2,5 ool (V) abayly & yg0 a0 1) (F) abasl,y g5 o0 (V)

0.400905xpP0-36

9
Ca= () +0.606 @)

Fig. 3 A view of type A Rectangular Piano Key Weir
P=10cm

WA g9 debiae oglo 0S5 5l ol ¥ USD
Fagila )+ gl

oo (6 NSl 3y 1 Sl oo

g e -Y

o (310l (b 2 (230 pb (ni VY
&S oI b (2 o

e el e Loy 5o Lagialejl o SST Lo @
At o | el g o0 g el o0 GliEl L ou s
30 (0 =2 O%9] Sewods sl WIS oo ptd (e
bgiye as (V) ahfy b g0 5l gl Lz llpd o)l
Do o3l bl il 1o ogily S e 0 b b
Slr (0) ally cnlply 05l a8 S Fie ploj 4 S
T Csoay 55 Sjgo 4 (00 0

aQ _2 15 dc.
_ @ 3VIWH G

Cor= ®)
p J2gw Hos

2L e 4 el Sy S (D) akayly o &S
d

L oo o lis obey @ Cams | @b WS 5w

Journal of Hydraulics

18(1), 2023

135



VY oy g (31 <

v O (293l alS 3oy (200 S (2U )

aslllas 3 50 23l SlS Slag ) e 50 Giales] Cilitie slaJoe ¥ Jga
Table 2 Different models of experiment in the studied piano key weirs
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Table 3 Comparison of discharge coefficient of previous researchers and their maximum error percentage for M7 mode in
three weirs under steady flow
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Fig. 8 Relationship between Cpk,Cd and Froude number
in Rectangular piano key weirs for Mz mode

(AQ=0.001"", At=5sec) with heights of 10, 15 and 20
cm
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