Modares Civil Engineering Journal

Volume 26, Issue 5, 2026, 21-33 i
DOI: 10.48311/mcej.2025.116626.1004 Tarbiat Modares

University

Blocks on the tunnel structure and their effect on flow energy dissipation
In a type B rectangular piano key weir (PKW)

Wadi Mohammed Wadi?, Ali Khoshfetrat'"), Musa Habib Jasim?, Niloofar Salemi‘

1. Department of Civil Engineering, Isf.C., Islamic Azad University, Isfahan, Iran.
2. Department of Civil Engineering, Faculty of Engineering, University of Karbala, Karbala, Iraq.

Abstract Review History

Piano key weirs (PKWs) are a type of non-linear, long-crested weir characterized by their Received: Sep 24, 2025
plan forms, which can be rectangular, triangular, or trapezoidal. They are categorized into four Revised: Oct 27, 2025
main types based on their overhang configuration: Type A features overhangs on both the Accepted: Dec 10, 2025

upstream and downstream sides; Type B has only an upstream overhang; Type C has only a
downstream overhang; and Type D has no overhangs at all. A key advantage of PKWs is their ]
ability to significantly increase discharge capacity—typically by three to four times—within the ~Piano key weir
same channel width compared to traditional weirs. First implemented at the Goulours dam in Weir height
France, their efficient design requires a lighter foundation, making them suitable for a wide range  Relative energy
of applications beyond dams, including agricultural, drainage, and irrigation canals. As an gyt keys
evolved and highly efficient form of nonlinear weir, PKWSs warrant investigation into their flow
energy dissipation and methods for its enhancement. This study introduces, for the first time, the
use of blocks with varying geometries—specifically rectangular, trapezoidal, and circular
shapes—placed within the outlet keys of a rectangular Type B PKW. The experimental setup
involved three weir models with heights of 0.20 m, 0.18 m, and 0.15 m, tested under four
different flow rates ranging from 0.02 to 0.05 m3/s. The research was conducted in a level (zero-
slope), rectangular flume measuring 10 m in length, 0.8 m in width, and 1 m in height. Water,
with a temperature varying between 8°C and 13°C, was circulated by a pump from a 10 m3
underground reservoir, with the flow rate regulated by a monitor. The study employed three
rectangular Type B PKWs with identical geometries but differing heights of 0.15 m, 0.18 m, and
0.20 m. The consistent parameters for all weirs were an inlet and outlet key width (W; and W,) of
0.145 m, a sidewall length (B*) of 0.40 m, an upstream overhang (B;) of 0.13 m, a total crest
length (L) of 3.27 m, and a wall thickness (Ts) of 0.01 m. A tunnel structure was positioned at the
outlet keys of the 0.20 m high weir. In this tunnel, blocks with a height of 0.06 m, featuring
rectangular, circular, and trapezoidal cross-sections, were arranged in a zigzag pattern. The cross-
sectional area of each block was 0.025 x 0.025 m. Fabricated from compressed plastic the blocks
were affixed downstream of the weir using a waterproof adhesive. Investigating energy
dissipation in PKWs is crucial due to their high hydraulic efficiency. To ensure the applicability
of the findings, dimensional analysis was employed, allowing the results to be scaled and
extended to other weir sizes and PKW types used in channel applications. The results indicate a
clear relationship between weir height and hydraulic performance. Compared to the shortest weir,
an increase in height led to an 11.2% reduction in the discharge coefficient and an 18.8%
increase in flow energy loss (energy dissipation). On average, the blocks installed in the outlet
keys functioned as a flow barrier, increasing energy dissipation by 2.3%. Furthermore, the study
found that flow energy loss decreases as the dimensionless ratio H,/P and L/P increase. The
tunnel structure causes more flow energy loss, and the highest flow energy loss was observed in
the weir with rectangular, trapezoidal, and circular blocks, respectively.
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Row Q(m¥s) H/P LIP Type Re We  Cq E, E.
1 002 0183 1635 N 3814 452 0.296 0.320 0.680
2 003 0241 1635 N 7136 771 0294 0.362 0.638
3 004 0319 1635 N 11832 1036 0.257 0.387 0.613
4 005 0383 1635 N 16880 1348 0.244 0.423 0.577
5 002 0183 1635 TN 3814 452 0.296 0.313 0.687
6 003 0241 1635 TN 7136 771 0.294 0.354 0.646
7 004 0319 1635 TN 11832 1036 0.257 0.381 0.619
8 005 0383 1635 TN 16880 1348 0.244 0.418 0.582
9 002 0183 1635 NR 3814 452 0.296 0.294 0.706
10 003 0241 1635 NR 7136 771 0.294 0.336 0.664
11 004 0319 1635 NR 11832 1036 0.257 0.370 0.630
12 005 0383 1635 NR 16880 1348 0.244 0.408 0.592
13 002 0183 1635 NT 3814 452 0.296 0.307 0.693
14 003 0241 1635 NT 7136 771 0.294 0.343 0.657
15 004 0319 1635 NT 11832 1036 0.257 0.375 0.625
16 005 0383 1635 NT 16880 1348 0.244 0.413 0.587
17 002 0183 1635 NC 3814 452 0.296 0.310 0.690
18 003 0241 1635 NC 7136 771 0.294 0.348 0.652
19 004 0319 1635 NC 11832 1036 0.257 0.377 0.623
20 005 0383 1635 NC 16880 1348 0.244 0.414 0.586
21 002 0193 1817 N 3972 428 0.310 0.364 0.636
22 003 0258 1817 N 7500 721 0.311 0.406 0.594
23 004 0340 1817 N 12343 972 0.273 0.428 0.572
24 005 0412 1817 N 17679 1253 0.256 0.465 0.535
25 002 0220 2180 N 4396 376 0.346 0.441 0.559
26 003 0299 2180 N 8355 622 0.326 0.483 0.517
27 004 0393 21.80 N 13592 841 0.289 0.503 0.497
28 005 0481 21.80 N 19495 1074 0.267 0.537 0.463
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Table 2. Correlation coefficient and mean of the desired errors

Row L/P Type MAE RMSE CC
1 16.35 N 0.0336  0.0453 0.966
2 1635 TN 0.0310 0.0342 0.985
3 16.35 NR 0.0271 0.0370 0.952
4 16,35 NT 0.0316 0.0295 0.997
5 16.35 NC 0.0258 0.0330 0.998
6 18.17 N 0.0311 0.0374 0.983
7 21.80 N 0.0243 0.0347 0.963
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