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Abstract Review History

This study examines the hydraulic relationships provided for piano-key weirs. The hydraulic Received: Mar 25, 2025
relationships presented by researchers in various sources include multiple geometric parameters  Revised: Aug 9, 2025
in some cases, while others focus only on a limited number of these parameters. In the first step, Accepted: Nov 8, 2025
using the RSM-CCD method and data from Anderson's study (2011), the discharge coefficient

relations were derived in the relative head ranges of 0.1-0.2 and 0.2-0.9, with a total of 18 data Keywords

points. In the second step, through laboratory and numerical model designs, the derived Piano key weir,
relationship using the RSM-CCD method was compared and evaluated against other hydraulic  pjscharge coefficient
relationships for piano-key weirs. This comparison was done using statistical indices and the RSM-CCD
discharge-head ratio charts. The statistical index values obtained from generalizing the discharge .

coefficient relation using the RSM-CCD method to Anderson's (2011) 115 laboratory data points EXPerimental model
were R2 = 0.9985, MAE = 0.0034, and RMSE = 0.0041, indicating the accuracy of this method, Numerical model
despite using fewer data points. Evaluation of the hydraulic relationships presented for predicting

the discharge coefficient of the physical model of the studied piano-key weir, using statistical

indices, shows the good performance of the relationships by Liet-Ribeiro et al. (2012) and

Michaels (2012). The Rz, MAPE, and RMSE values for these two relationships are 0.99, 5.05%,

0.063, and 0.96, 6.8%, 0.071, respectively. Comparison of the discharge-head ratio charts derived

from the RSM-CCD method and laboratory models shows that the accuracy of this relationship

increases with increasing relative flow head. The MAPE values for the relative head ranges of

0.1-0.3 and 0.3-0.8 were 11% and 1.25%, respectively, which can be considered when predicting

discharge at high relative heads.
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Fig. 1. Geometrical parameters of (a) Labyrinth weir, (b) Piano
key weir
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Table 1. Range and levels of the factors
in RSM-CCD (H/P=0.1-0.2)

Factors -B -1 0 +1 +p
(g) 010 0.1150 0.150 0.1850 0.20
W
(—) 067 079 109 138 15
Wo
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Table 2. Range and levels of the factors
in RSM-CCD (H/P=0.2-0.9)

Factors -B -1 0 +1 +B

®)

w;
(—) 067 079 109 138 15
Wo

0.2 0303 055 0.797 0.90
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Table 3. RSM-CCD plan in actual and coded values along with
the response (H/P=0.1-0.2)

(H) <Wi)
P Wo cd
Actual Coded Actual Coded
value value value value
1 0.115 -1 0.79 -1 0.49025
2 0.115 -1 1.38 +1 0.5318
3 0.185 +1 0.79 -1 0.4354
4 0.185 +1 1.38 +1 0.4839
5 0.150 0 0.67 —B 0.4493
6 0.150 0 15 + 0.5162
7 0.10 —B 1.09 0 0.5215
8 0.20 +B 1.09 0 0.4519
9 0.150 0 1.09 0 0.4959

v:u})d..ua.k;r 6)..&_(7.15);;*51}}.1)@ a‘fo.b‘\.ub.l.,.;:v.:hﬁ Cj.la.m ¥ d‘g.l?
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Table 4. RSM-CCD plan in actual and coded values along with
the response (H/P=0.2-0.9)

& ()
5) W, y
Actual Coded Actual Coded
value value value value
1 0.303 -1 0.79 -1 0.3524
2 0.303 -1 1.38 +1 0.3975
3 0.797 +1 0.79 -1 0.2233
4 0.797 +1 1.38 +1 0.2322
5 0.55 0 0.67 —-B 0.2530
6 0.55 0 15 + 0.2848
7 0.20 —B 1.09 0 0.4429
8 0.90 +B 1.09 0 0.2267
9 0.55 0 1.09 0 0.2773
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Fig. 2. Laboratory modeling equipment (a) The schematic view of
a laboratory flume (b) physical model of the tested piano key weir
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Fig. 3. Details of the Numerical Simulation of the Piano Key Weir
(a) Boundary Conditions and (b) 3D Computational mesh
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Table 6. Statistical Findings from ANOVA: Discharge
Coefficient Relationships for H/P Values between 0.1 and 0.2

Sum of Mean F- P-
Source df
squares square value value
<
Model 0.009 5 0.0019 996 0.0001
Wi <
Wo 0.004 1 0.0043 2249 0.0001
H <
7 0.005 1 0.0051 2661 0.0001
(ﬂ) (E) 0 1 0 637  0.0859
Wo 5’
(%) 0 1 00001 631  0.0042
Wo
H 2
(F) 0 1 0.0001 300  0.0119
Residual 5.695E-6 3 1.898E-6
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Table 7. Statistical Findings from ANOVA: Discharge
Coefficient Relationships for H/P Values between 0.2 and 0.9

Source Sum of df Mean F- P-
squares square value value
<
Model 0.040 5 0.008 17558 0.0001
Wi <
Wo 0.001 1 0.001 2971 0.0001
H <
> 0.036 1 0.036 78570 0.0001
(ﬂ) (E) 0 1 0 415  0.0003
Wo %’
(E) 0 1 0 107 0.0019
Wo2
H <
(F) 0.001 1 0.001 3102 o001
Residual 1.379E-6 3  4.596E-7
0.6
0.5 1
=
%0'4_
)
0.3 A
02 T T T
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C4(Anderson, 2011)
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Fig. 4. Comparision of Discharge Coefficient between RSM
Method and Experimental Data (Anderson 2011)
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Table 9. Comparison of Statistical Indices for Equations of
Discharge Coefficient in Piano Key Weirs

Reference MAPE RMSE R2
Kabiri-samani & Javaheri(2012) %4056 0.42  0.99
Leite Ribeiro et al. (2012) %5.05  0.063 0.99
Cicero & Delisle (2013) %24.3 036 094
Crookston &Tullis (2018) %4.5 0.075 0.96
Kumar et al. (2020) %98 1.05 091
Michailes (2012) %6.8 0.071 0.96

RSM Method %4.6 0.071  0.95
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Fig. 6. Comparison of discharge coefficient curves between
experimental model and different methods (a)Kabiri- Samani &
Javaheri (2012), (b)Liete Ribeiro & et al. (2012), (c)Crookston &
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et al. (2020) and (g)Michailes(2012)
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