Journal of Water and Soil Science
Vol. 29, No. 2, 2025, Isfahan University of Technology, Isfahan, Iran. DOI: 10.47176/jwss.29.2.38099 D, cc

Laboratory and Numerical Study of Hydraulic Loss and Discharge
Coefficient in Rectangular Labyrinth and Piano Key Weirs

Reza Ghasemi Ghasemvand, Mohammad Heidarnejad™ "', Ali Reza Masjedi and Amin
Bordbar’

(Received: January 16-2025 ; Revised: March 5-2025 ; Accepted: April 14-2025)

1. Department of Water Science Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran.
*: Corresponding author Email: mo_he3197@yahoo.com.

Abstract

the impact of hydraulic loss on the performance of weirs should not be overlooked. In this study, a laboratory flume
measuring 8 meters in length, 0.6 meters in width, and 0.6 meters in height was used to investigate the hydraulic loss of
the weirs and their discharge coefficients. The weirs used in this research were of the labyrinth type, featuring both
curved and linear designs. Dimensional analysis using the Buckingham method indicated that the discharge coefficient
(Cd) relies on parameters such as the hydraulic head ratio (Ht/P), weir shape factor (Sf), hydraulic loss ratio (Hf/P), and
Froude number (Fr). The results demonstrated that an increase in hydraulic head leads to a decrease in the discharge
coefficient of the weirs. Furthermore, the intensity of flow blade interference over the weirs gradually increases the
hydraulic loss with a rising hydraulic head. Hydraulic loss increases up to a certain level of hydraulic head before
beginning to decline. Therefore, it can be stated that the hydraulic loss curve for weirs like ARCL exhibits a sinusoidal
trend. At a hydraulic head ratio of 0.4, the ARCL weir experiences 227% more hydraulic loss compared to the APKW
weir. At a hydraulic head ratio of 0.6, the RCL weir shows 200% more hydraulic loss than the PKW weir. The trend of
hydraulic loss variation with increasing Froude numbers for ARCL and RCL weirs is also sinusoidal. The ARCL weir
shows the highest hydraulic loss with increasing Froude number compared to the other weirs. All weirs modeled using
FLOW-3D software showed values (Cd and Hf/P) that exceeded those from physical modeling, which is significant in
terms of safety factors. Moreover, the error rate in numerical modeling varied based on different parameters and
conditions, averaging between 10% and 30%. In some cases, labyrinth weirs exhibited higher error rates compared to
piano key weirs.
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ID Weir  Block Subject Minimum Cell Size Maximum Cell Size

2 X 0.0174475 0.0174479
RCL 2 Y 0.017647 0.0176471

2 V4 0.0175 0.0186111

2 X -13 70
PKW 2 Y 0 30

2 Z 0 14

ARCL 55,0 St Sl 4 by e Slalos 5 a0 LT lialine 5 ol @l Y dss

P Q w q hc A ve? hv Ht hf

g
m (@Y%) (m) %) @) (m) @) @S  (m) (m) m 4 HUPHIP

0.06 0.0032 0.6000 0.0053 9.8100 0.0141 0.0404 0.0061 0.0003 0.0357 0.0212 0.6370 0.1014 0.3541 1.1367
0.06 0.0063 0.6000 0.0105 9.8100 0.0224 0.0640 0.0097 0.0005 0.0573 0.0344 0.6457 0.1594 0.5737 0.9108

0.06 0.0101 0.6000 0.0168 9.8100 0.0306 0.0876 0.0132 0.0007 0.0788 0.0475 0.6492 0.2174 0.7919 0.7814
0.06 0.0142 0.6000 0.0236 9.8100 0.0384 0.1099 0.0166 0.0008 0.0976 0.0584 0.6403 0.2754 0.9726 0.6911
0.06 0.0214 0.6000 0.0357 9.8100 0.0506 0.1447 0.0218 0.0011 0.1218 0.0701 0.6042 0.3768 1.1685 0.5795
0.06 0.0296 0.6000 0.0493 9.8100 0.0628 0.1796 0.0271 0.0014 0.1315 0.0673 0.5127 0.5217 1.1224 0.4662
0.06 0.0346 0.6000 0.0576 9.8100 0.0697 0.1993 0.0301 0.0015 0.1236 0.0523 0.4017 0.6812 0.8724 0.3762
0.06 0.0395 0.6000 0.0658 9.8100 0.0761 0.2178 0.0329 0.0017 0.1249 0.0471 0.3436 0.8261 0.7851 0.3242
0.06 0.0437 0.6000 0.0728 9.8100 0.0814 0.2328 0.0351 0.0018 0.1299 0.0467 0.3193 0.9275 0.7776 0.2986
0.06 0.0478 0.6000 0.0796 9.8100 0.0864 0.2472 0.0373 0.0019 0.1351 0.0467 0.2990 1.0290 0.7787 0.2774
0.06 0.0543 0.6000 0.0905 9.8100 0.0942 0.2693 0.0407 0.0021 0.1459 0.0497 0.2896 1.1449 0.8276 0.2602

0.06 0.0619 0.6000 0.1032 9.8100 0.1027 0.2938 0.0444 0.0023 0.1586 0.0536 0.2856 1.2609 0.8940 0.2468

\ov
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RCL 5, Ssodes il a0 by e Sl 5 a8 LT Slialie 51 ool =l ¥ Jstr

P Q w he A Ve hy Ht hf

q g
m) (@Y%) (m) (m¥s) (ms) (M) (m) (s (m (m (m ¢ HOPHOP O Er

0.06 0.0037 0.6000 0.0061 9.8100 0.0156 0.0414 0.0078 0.0004 0.0375 0.0215 0.6495 0.1231 0.3585 1.1232

0.06 0.0061 0.6000 0.0101 9.8100 0.0218 0.0581 0.0109 0.0006 0.0540 0.0316 0.6689 0.1692 0.5265 0.9672

0.06 0.0117 0.6000 0.0196 9.8100 0.0339 0.0902 0.0169 0.0009 0.0845 0.0497 0.6744 0.2615 0.8290 0.7802

0.06 0.0202 0.6000 0.0336 9.8100 0.0486 0.1294 0.0243 0.0012 0.1171 0.0672 0.6494 0.3846 1.1198 0.6353

0.06 0.0338 0.6000 0.0564 9.8100 0.0687 0.1827 0.0343 0.0017 0.1501 0.0797 0.5814 0.5846 1.3287 0.4966

0.06 0.0386 0.6000 0.0644 9.8100 0.0750 0.1995 0.0374 0.0019 0.1492 0.0723 0.5150 0.6923 1.2050 0.4383

0.06 0.0421 0.6000 0.0701 9.8100 0.0794 0.2112 0.0396 0.0020 0.1421 0.0607 0.4388 0.8154 1.0116 0.3829

0.06 0.0450 0.6000 0.0750 9.8100 0.0831 0.2210 0.0415 0.0021 0.1380 0.0529 0.3803 0.9385 0.8810 0.3403

0.06 0.0470 0.6000 0.0783 9.8100 0.0855 0.2275 0.0427 0.0022 0.1356 0.0479 0.3375 1.0462 0.7990 0.3097

0.06 0.0484 0.6000 0.0806 9.8100 0.0872 0.2318 0.0435 0.0022 0.1338 0.0445 0.2997 1.1538 0.7412 0.2835

0.06 0.0505 0.6000 0.0842 9.8100 0.0897 0.2386 0.0448 0.0023 0.1364 0.0444 0.2842 1.2308 0.7403 0.2696

0.06 0.0547 0.6000 0.0912 9.8100 0.0946 0.2517 0.0472 0.0024 0.1436 0.0466 0.2811 1.3077 0.7767 0.2606

APKW 555 Sdgoden Sl 4 by e Sl 5 a8 LesT ldaline 5 ol =B 0 dstr

P Q w q he A ve? hv Ht hf

g
m) (@¥%) (m) (m¥) @) (m) (@) (s (m (m (m o HUP HIP O Fr

0.06 0.3815 0.1538 0.0031 0.6000 0.0051 9.8100 0.0138 0.0374 0.0066 0.0003 0.0232 0.0090 0.1506 0.8309

0.06 0.3968 0.3077 0.0090 0.6000 0.0150 9.8100 0.0284 0.0769 0.0136 0.0007 0.0485 0.0195 0.3246 0.5953

0.06 0.3356 0.4615 0.0140 0.6000 0.0233 9.8100 0.0381 0.1031 0.0183 0.0009 0.0606 0.0216 0.3606 0.4597

0.06 0.3351 0.5231 0.0168 0.6000 0.0280 9.8100 0.0431 0.1168 0.0207 0.0011 0.0686 0.0245 0.4076 0.4316

0.06 03317 0.5692 0.0189 0.6000 0.0315 9.8100 0.0466 0.1262 0.0224 0.0011 0.0739 0.0262 0.4363 0.4123

0.06 0.2856 0.7846 0.0263 0.6000 0.0439 9.8100 0.0581 0.1574 0.0279 0.0014 0.0887 0.0292 0.4862 0.3341

0.06 0.2801 0.8615 0.0297 0.6000 0.0495 9.8100 0.0630 0.1707 0.0303 0.0015 0.0958 0.0313 0.5217 0.3168

0.06 0.2488 0.9692 0.0315 0.6000 0.0525 9.8100 0.0655 0.1774 0.0315 0.0016 0.0983 0.0313 0.5213 0.2871

0.06 0.2592 1.0769 0.0384 0.6000 0.0640 9.8100 0.0747 0.2026 0.0359 0.0018 0.1126 0.0360 0.6006 0.2761

0.06 0.2492 1.1846 0.0426 0.6000 0.0710 9.8100 0.0801 0.2171 0.0385 0.0020 0.1203 0.0383 0.6380 0.2598

0.06 0.2530 1.2615 0.0475 0.6000 0.0792 9.8100 0.0862 0.2335 0.0414 0.0021 0.1296 0.0413 0.6881 0.2530

0.06 0.2463 1.2923 0.0480 0.6000 0.0800 9.8100 0.0867 0.2350 0.0417 0.0021 0.1302 0.0414 0.6894 0.2478

VoY
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(m)

Q
(m3/s)

hc A
(m)  (m2)

w q g
(m)  (m2/s) (m/s2)

Vc2
(m/s)

hv
(m)

Ht
(m)

hf
(m)

Cd

Ht/P

H{f/P

Fr

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.0046

0.0080

0.0118

0.0140

0.0168

0.0200

0.0232

0.0304

0.0352

0.0392

0.0466

0.0480

0.6000 0.0077 9.8100 0.0182 0.0520

0.6000 0.0133 9.8100 0.0262 0.0748

0.6000 0.0197 9.8100 0.0341 0.0972

0.6000 0.0233 9.8100 0.0381 0.1087

0.6000 0.0280 9.8100 0.0431 0.1230

0.6000 0.0333 9.8100 0.0483 0.1380

0.6000 0.0386 9.8100 0.0534 0.1524

0.6000 0.0507 9.8100 0.0640 0.1826

0.6000 0.0587 9.8100 0.0706 0.2015

0.6000 0.0654 9.8100 0.0758 0.2164

0.6000 0.0777 9.8100 0.0850 0.2428

0.6000 0.0800 9.8100 0.0867 0.2476

0.0079

0.0114

0.0148

0.0165

0.0187

0.0209

0.0231

0.0277

0.0306

0.0328

0.0368

0.0376

0.0004

0.0006

0.0008

0.0008

0.0010

0.0011

0.0012

0.0014

0.0016

0.0017

0.0019

0.0019

0.0330

0.0439

0.0566

0.0632

0.0686

0.0762

0.0825

0.0977

0.1066

0.1145

0.1280

0.1302

0.0144

0.0171

0.0218

0.0243

0.0246

0.0267

0.0280

0.0324

0.0345

0.0370

0.0411

0.0416

0.4174

0.3612

0.3545

0.3533

0.3181

0.3077

0.2880

0.2722

0.2522

0.2513

0.2444

0.2338

0.1846

0.2923

0.3846

0.4308

0.5231

0.6000

0.6923

0.8615

1.0000

1.0769

1.2308

1.2923

0.2399

0.2857

0.3631

0.4044

0.4093

0.4456

0.4664

0.5392

0.5743

0.6162

0.6855

0.6929

0.7549

0.5717

0.4953

0.4675

0.4096

0.3783

0.3445

0.3030

0.2742

0.2639

0.2446

0.2352
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Percentage Error (Cd) = 10.65 — 0.70 / 0.651x100 = |-0.05 /
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G348 5 S5 giledde 3 U Ol deslie Y J g

PKW PKW (FLOW-3D) (Ao y3) Uax Olsae (Ao )3) Uast Ol 5
e PKW Cs PKWHtP PKWH;/P PKWCs PKWHY/P  PKW Hi/P cd Hf/P
1 0.4174 0.1846 0.2399 0.5 0.22 0.28 19.80 19.17
2 0.3612 0.2923 0.2857 0.45 0.32 0.34 24.60 9.47
3 0.3545 0.3846 0.3631 0.43 0.4 0.39 2131 4.00
4 0.3533 0.4308 0.4044 0.42 0.5 0.45 18.87 16.07
5 0.3181 0.5231 0.4093 0.39 0.58 0.49 2261 10.88
6 0.3077 0.6000 0.4456 0.37 0.64 0.52 20.23 6.67
7 0.2880 0.6923 0.4664 0.34 0.75 0.6 18.07 8.33
8 0.2722 0.8615 0.5392 0.31 0.84 0.68 13.90 2.50
9 0.2522 1.0000 0.5743 0.29 0.92 0.73 14.99 8.00
10 02513 1.0769 0.6162 0.28 1 0.79 11.44 7.14
11 02444 1.2308 0.6855 0.27 1.1 0.85 10.49 10.63
12 0.2338 1.2923 0.6929 0.26 1.3 0.92 11.19 0.60

RCL RCL (FLOW-3D) (A ) Lot Ole (Ao ys) Uast Ol 5
e RCLCs RCLHtP RCLHf/P  RCLCq RCL Ht/P RCL Hy /P cd HIf/P
1 0.6495 0.1231 0.3585 0.7 0.08 0.37 7.77 35.00
2 0.6689 0.1692 0.5265 0.72 0.12 0.54 7.65 29.09
3 0.6744 0.2615 0.8290 0.71 0.2 0.84 5.27 23.53
4 0.6494 0.3846 1.1198 0.69 0.32 1.14 6.25 16.80
5 0.5814 0.5846 1.3287 0.66 0.43 1.34 13.53 26.45
6 0.5150 0.6923 1.2050 0.62 0.55 1.42 20.38 20.56
7 0.4388 0.8154 1.0116 0.55 0.67 1.35 2533 17.83
8 0.3803 0.9385 0.8810 0.49 0.77 1.25 28.83 17.95
9 0.3375 1.0462 0.7990 0.43 0.89 1 27.40 14.93
10 0.2997 1.1538 0.7412 0.35 1.18 0.77 16.77 227
11 02842 1.2308 0.7403 0.34 1.25 0.76 19.64 1.56
12 02811 1.3077 0.7767 0.3 1.4 0.8 6.74 7.06
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Logarithmic Linear la 25, 51 SPSS I3l 3 SaS 4
S Power «Compound «Cubic «Quadratic dJdnverse
P S Sl s &z Logistic s Exponential Growth
sy 53 (Hr /P) (S ssdn ol 5 (Ca) 50K
mlS a5 LA eslisad PKW APKW RCL ARCL
o S b (Soees 2t S pladds (bl s
Lo &l Vv Jad 3 ddls |y ol
AT e i SIRCL 3y, V0 Jadr 4 e 55

L1y (Semen on g o (Sosien 31 SIPKW 3y e
Gl e san (V1) B Q) &Y¥slee .55 Cubic g bl Jue
APKW ARCL RCL (sla s, v Ssden Col annlons
s pas (V) L (O0F) OV¥slas yioman LU (pad PKW
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Coefficients ANOVA

Model Summary

Estimated .
; Model ID Weir
b3 b2 bl Constant  Sig. df2 dfl F AdJEEted R> R Parameter
0472 -1911 2289 -0.194 0 8 3 28879 0987  0.991 0.995 Cubic cd
Cubi ARCL
4531 -10243 6.635 -0.207 0 8 3 3169 0893  0.960 0.922 ubic Hi /P
1.030 -3.261 3.286 -0.388 0 8 3 785.694 0995  0.997 0.998 Cubic cd
. RCL
3811 -9.927 7.405 -0.449 0 8 3 152601 0976  0.983 0.991 Cubic Hi /P
21502 1.667 -0.126  0.197 0 8 3 203014 0982  0.987 0.993 Cubic cd
Cubi APKW
0.630 -1.499 1451 -0.028 0 8 3 264966 0986  0.990 0.995 ubic Hi /P
0.728 -1.452 1205 0.021 0 8 3 270339 0987  0.990 0.995 Cubic cd
Cubi PKW
0301 -0.747 0.940  0.087 0 8 3 349.999 0990  0.992 0.996 ubic Hi /P
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