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Abstract Review History

Piano key weirs (PKWSs) have rectangular, triangular, and trapezoidal shapes in terms of plan. Received: Apr 26, 2025
They are available in four types: A, B, C, and D. Type A weir has an overhang upstream and  Revised: Dec 02, 2025
downstream, type B weir has an overhang upstream, type C weir has an overhang downstream, Accepted: Apr 18, 2026

and type D weir has no overhang. Piano key weirs are non-linear, long-crowned spillways that
allow a greater flow capacity (3 to 4 times more) over a given width. The first piano key weir ]
was built on the side channel of the Goulours dam in France. Piano key weirs are used in Piano key weir
agricultural canals, drainage canals, and irrigation canals in addition to dams due to their Weir height
lightweight foundation. Piano key weirs are the evolution of nonlinear weirs with high efficiency; Relative flow energy
therefore, it is important to investigate the flow energy loss and the solution to increase it. In the  g|ock

present study, for the first time, a block with a different geometry was used downstream of the
triangular piano key weir type B. Also, two weirs with a height of 0.20 and 0.18 m were used.
The blocks are rectangular and a combination of trapezoidal and circular blocks. Four discharges
from 0.02 to 0.05 m%s were also used. The experiments were conducted in a channel 10 m long,
0.8 m wide, and 1 m high. The slope of the channel is zero. The water temperature also varies
between 8 and 13 °C. The flow was fed into the tank by a pump and an underground tank with a
volume of 10,000 m* and a monitor. Two triangular piano key weirs type B with constant
geometry but different heights of 0.20 and 0.18 m were used. The width of the weir inlet keys
(W) is 0.613 m, the width of the weir outlet keys (W,) is 0 m, the length of the weir side walls
(B*) is 0.425 m, the length of the upstream overhanging edges of the weirs (B;) is 0.14 m, the
length of the weir crest (L) is 3.04 m, and the thickness of the weirs (T;) is 0.01 m. Blocks with
rectangular and trapezoidal cross-sections with a height of 0.06 m (0.3P) were used downstream
of the 0.20 m high weir. The cross-sectional area of the blocks is 0.025 x 0.025 m. The height of
the blocks was chosen so that they are submerged at the lowest flow rate (0.02 m%s). The blocks
are made of compressed plastic and were installed downstream of the weir with waterproof
adhesive. The blocks were installed in three rows downstream of the weir. The distance between
the blocks is 10.25 cm. As mentioned, the study of flow energy loss in piano key weirs is
important due to their high efficiency in flow passage. Dimensional analysis was also used to
extend the results to other weirs and other types of piano key weirs in channels. As the height of
the weir increases, the discharge coefficient decreases, and the flow energy loss increases. The
blocks downstream of the weir act as a barrier and the flow energy loss increases. The flow
around the blocks has weak eddies and hydraulic jumps, which reduces the specific energy
downstream. With increasing H,/P, the flow energy loss decreases. The flow energy loss in the
weir with a combination of trapezoidal and circular blocks is higher than that of rectangular
blocks. Next, a relationship with a correlation coefficient of 99.92% was presented to calculate
the flow energy loss.
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Table 1. Hydraulic and geometric parameters affecting flow energy loss

Row Q(ms) HJ/P LJP S Re Cq E, E.
1 002 0173 1275 N 3695 0.333 0.333 0.667
2 003 0206 1275 N 6444 0.383 0.390 0.610
3 004 0255 1275 N 10252 0.371 0.424 0576
4 005 0320 1275 N 15307 0.331 0.450 0.550
5 002 0173 1275 NR 3695 0.333 0.326 0.674
6 003 0206 1275 NR 6444 0.383 0.381 0.619
7 004 0255 1275 NR 10252 0.371 0416 0.584
8 005 0320 1275 NR 15307 0.331 0.444 0.556
9 002 0173 1275 TC 3695 0.333 0.323 0.677
10 003 0206 1275 TC 6444 0.383 0.372 0.628
11 004 0255 1275 TC 10252 0.371 0.409 0.591
12 005 0320 1275 TC 15307 0.331 0.436 0.564
13 002 0182 1417 N 3857 0.362 0.397 0.621
14 003 0225 1417 N 6934 0.394 0441 0.559
15 004 0275 1417 N 10897 0.389 0.472 0.528
16 005 0342 1417 N 16154 0.350 0.502 0.498
17 002 0213 17.00 N 4416 0.598 0457 0.543
18 003 0254 1700 N 7676 0.555 0.539 0.461
19 004 0316 1700 N 12213 0507 0.571 0.429
20 005 0392 17.00 N 18010 0.463 0.593 0.407
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Fig. 9. a) The effect of the H /P and Le/P parameters, and b) the
effect of the S parameter on the flow energy loss
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